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Part One

Vertebrate Physiology
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Llntroduction ,

Vertebrate physiology is one of the fundamental branches of biology, concerned with the
study of the vital Functions of the systems and organs of vertebrate organisms such as
humans and animals. The importance of this science lies in its explanation of how
different organs work together to maintain homeostasis and ensure the continuation of
life.

Understanding the mechanisms of the vertebrate body—such as respiration, circulation,
excretion, digestion, and the nervous and muscular systems—helps explain biological
phenomena, develop medical and veterinary applications, improve animal production,

and enhance basic scientific knowledge about the nature of life.

LGeneral objectives: 8

1. Toidentify the functional basis of vertebrate organs and systems.

2. Tounderstand the mechanisms of regulation and integration between vital systems
in the body of a living organism.
To apply physiological concepts in medical, veterinary, and research fields.

4. Develop the ability to analyze various physiological phenomena in vertebrates.

LSpeciFic objectives: 8

1. Study the functions of body systems such as the nervous, digestive, circulatory,
respiratory, excretory, and reproductive systems.

2. Identify physiological differences between vertebrate species (Fish, amphibians,
reptiles, birds,and mammals.

3. Explain the relationship between the anatomical structure and physiological
Function of each system.

4. Train students to conduct physiological experiments and analyze their results
scientifically.

5. Relate physiological concepts to everyday life and practical applications in the Fields

of health, agriculture, and the environment.

National Science and Mathematics Olympiad
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Chapter One:
Organization of the Vertebrate Body
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ELevels of Organization in the Vertebrate Body i!

The organization of the vertebrate body Follows a hierarchical structure, progressing

from simple units to complex systems. It consists of Four main levels:

s’ 1-Cells and Tissues
e Cells: The basic unit of life. The body of a vertebrate animal consists of hundreds of
specialized cell types (about 210 types in humans).
e Tissues: Groups of cells similar in structure and function. All tissues develop during
embryonic growth from three primary germ layers:
1. Ectoderm (outer layer)
2. Mesoderm (middle layer)
3. Endoderm (inner layer)
In adult animals, there are Four main types of tissues: epithelial, connective, muscular,

and nervous.

m' 2,0rgans and Organ Systems
e Organs: Structural and functional units composed of different tissue types working

together. Example. The heart |S © cHemicaL LEVEL © missUE LEVEL

o @
=)

made up of muscular,
connective, epithelial, and
nervous tissues.

e Organ Systems: Groups of

organs that work together to

© sYSTEM LEVEL

‘ i [ Esophagus / Stomach
perform major vital Functions. e

Wy t
Example: The circulatory ,zf& @ A oo
- =

_— i J 4 Small intestine

system, which includes the e

Large intestine

T
3

heart and blood vessels. The

) ORGANISMAL LEVEL
Digestive system

vertebrate body has 11 major

Figure1 Levels of Organization in the Vertebrate Body

organ systems.

12
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i’ 3. General Body Plan and Cavities
Vertebrates are characterized by a specific and well-defined general body plan and
structural organization:
e Tube-within-a-tube body plan: The body consists of an outer main tube supported by an
internal skeleton, enclosing an inner tube — the digestive tract.
e Body cavities: The vertebrate body is divided into two main cavities:
o Dorsal cavity: Includes the skull and vertebral column.
o Ventral cavity: In mammals, this is divided by the diaphragm muscle into two parts:
*» The thoracic cavity, which contains the heart and lungs.
= The abdominopelvic cavity, which contains the organs of digestion and excretion.
These cavities are remnants of the coelom, an embryonic cavity derived from the
mesoderm layer. In adult vertebrates, the coelom becomes partitioned into specialized
membranes surrounding internal organs—such as the peritoneal cavity around
abdominal organs, the pericardial cavity around the heart, and the pleural cavities around

the lungs.

EEpithelial Tissue s

Epithelial tissue is defined as the tissue that covers all external body surfaces and lines
internal cavities and organs. It arises from all three germ layers (ectoderm, mesoderm,

and endoderm) and also Forms the fFunctional units of glands.

=’ Main Characteristics and Functions:

1. Barrier Function: Acts as a selective barrier that regulates the movement of
substances between the external environment and internal organs. It protects against
dehydration and pathogens (as in the skin), allows selective nutrient absorption (as in
the intestines), and permits rapid gas exchange (as in the lungs).

2. Cellular Cohesion: Epithelial cells are tightly bound together, minimizing intercellular
spaces and reinforcing their barrier role.

3. Polarity: Epithelial cells have distinct surfaces:

o The apical surface, which Faces the cavity or external environment.
o The basal surface, which rests on a specialized fibrous layer called the basement

membrane, anchoring the epithelium to the underlying connective tissue.

National Science and Mathematics Olympiad
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4. Regenerative Capacity: Epithelial tissue has a remarkable ability to divide and

regenerate continuously—essential for surfaces exposed to wear or damage. For

example, the skin renews approximately every two weeks, while the stomach lining

regenerates every 2-3 days.

ClassifFication of Epithelial Tissues

"

Epithelial tissue is classified based on the number of cell layers and the shape of the

cells in the surface layer.

Occurring as sheets of cells, epithelial tissues, or epithelia (singu-
lar, epithelinm), cover the cutside of the body and line organs and
cavities within the body. Because epithelial cells are closely packed,
often with tight junctions, they function as a barrier against
mechanical injury, pathogens, and fluid loss. Epithelia also form
active interfaces with the environment. For example, the epithe-
litum that lines the nasal passages is crucial for
olfaction, the sense of smell. Note
how different cell shapes and
arrangements correlate with
distinct functions

{

Simple columnar
epithelium

A cuboidal epithelium, with
dice-shaped cells specialized
for secretion, makes up the
cpithclium of kidncy tubules
and many glands, including
the thyroid gland and salivary
glands.

The large, brick-shaped cells of
simple columnar epithelia are
otten tound where secretion or
active absorpticon is important.
For example, a simple columnar
epithelium lines the intestines,
secreting digestive juices and
absorhing nutrients.

Basal surface

Apical surface

Simple squamous
epithelium

The single layer of platelike
cells that form a simple squa-
mous epithelium functions in
the exchange of material by dif-
fusion. This type of epithelium,
which: is thin and leaky, lines
bload vessels and the air sacs

of the lungs, where diffusion of
nutrients and gases is critical.

Palarity of epithelia

—Stratified squamous

epithelium

Apical
sutfdce

Basal—
surface

A stratified squamous epi-
thelium is multilayered and
regenerates rapidly. New cells
formed by division near the
basa! surface (see micrograph
below) push outward, replacing
cells that are sloughed oft. This
cpithclium is commonly found
on surtaces subject to abrasion,
such as the outer skin and the
linings of the mouth, anus, and
vagina.

Pseudostratified
columnar epithelium

A pseudnstratified epithelium
consists of a single layer of cells
varying in height and the posi-
tion of their nuclei. In many
vertebrates, a pseudostratified
epithelium of ciliated calls forms
a mucous membrane that lines
portions of the raspiratory tract.
The beating cilia sweep the film
of mucus along the surface

All epithelia are polarized, meaning that they have two differ-
ent sides. The apical surface faces the lumen (cavity) or outside
of the organ and is therefore exposad to fluid or air. Specialized
projections often cover this surface. For example, the apical sur-
face of the epithelium lining the small intestine is covered with
microvilli, projections that increase the surface area available
for absorbing nutrients. The oppcsite side of each epithelium is

the hasal surface.

Figure 2 Types of Epithelial Tissues

National Science and Mathematics Olympiad
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s’ Glands

Specialized structures of epithelial tissue whose function is secretion.

o Exocrine Glands: Retain their connection to the epithelial surface through ducts and
release their products (such as sweat and saliva) onto the body surface or into its
cavities.

e Endocrine Glands: Lose their connection to the surface and secrete their products

(hormones) directly into the bloodstream.

LConnecl:ive Tissues i!

Connective tissues are derived from the embryonic mesoderm layer and are
distinguished from other tissues by the presence of an abundant extracellular matrix
that separates their widely spaced cells. This matrix consists of protein fibers and a
ground substance, whose consistency varies from Fluid (as in blood) to solid (as in bone),
giving each tissue its unique characteristics. Connective tissues are broadly classified
into two main groups:

' 1. Connective Tissue Proper

In this type, Fibroblasts

LOOSE CONNECTIVE TISSUE
. . Typical Location

(Fiber-producing cells) i T R
Function

g eneratet h e Provides support, insulation, food storage, and nourishment for epithelium
Characteristic Cell Types

. N Fibroblasts, macrophages, mast cells, fat cells

extracellular matrix. It is

Further divided into DENSE CONNECTIVE TISSUE
Typical Location

su b ty p es d e p en d | n g on Tendons; sheath around muscles; kidney; liver; dermis of skin
Function

. Provides flexible, strong connections

fiber arrangement and Characterstc Cell Types
Fibroblasts

density. = _
CARTILAGE
Typical Location
Spinal discs; knees and other joints; ear; nose; tracheal rings
Function
Provides flexible support, shock absorption, and reduction of friction on load-
bearing surfaces
Characteristic Cell Types
Chondrocytes

| Figure 3 Types of Connective Tissue Proper |
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NSMO Mawhiba

u' 2, Specialized Connective Tissue
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Despite their tremendous diversity in fForm and function, all connective tissues share a

common embryonic origin (the mesoderm) and a fFundamental structure composed of

scattered cells embedded within an extracellular matrix.

BONE

Typical Location
Most of skeleton
Function

Characteristic Cell Types
Osteocytes

BLOOD

Typical Location
Circulatory system
Function

between organs
Characteristic Cell Types

Erythrocytes, leukocytes

Protects internal organs; provides rigid support for muscle attachment

Functions as highway of immune system and primary means of communication

| Figure 4 Types of Specialized Connective Tissues

LMuscle Tissue

Muscle tissue is responsible for
movement in the bodies of vertebrates.
Its cells are characterized by an
abundance and precise organization of
the protein filaments actin and myosin,
which give them a specialized ability to
contract. Vertebrates possess three
main types of muscles. These three

types perform distinct vital Functions:

Intercalated

discs

smooth muscles carry out the functions

of internal organs, skeletal muscles

o

Walls of blood vessels, stomach, and intestines

SMOOTH MUSCLE

Typical Location

Function

Powers rhythmic, involuntary contractions commanded by the
central nervous system

Characteristic Cell Types
Smooth muscle cells

SKELETAL MUSCLE

Typical Location

Voluntary muscles

Function

Powers walking, lifting, talking, and all other voluntary
movement

Characteristic Cell Types

Skeletal muscle cells

CARDIAC
Typical Location
Walls of heart
Function

Hi;
ini

ghly interconnected cells; promotes rapid spread of signal
ng contraction

Characteristic Cell Types
Cardiac muscle cells

Figure 5 Types of Muscle Tissues

move the body, and cardiac muscles form

the muscular pump of the heart.

National Science and Mathematics Olympiad




®og,  geee

90 L 4 (©gD0 ::::-:if-i::!
NSMO Mawhiba e

LNervous Tissue i’

Nervous tissue constitutes the fourth main type of tissue in vertebrates and is
responsible for coordination and communication within the body. This tissue consists of
two main types of cells: neurons, which are the basic functional units, and neuroglia,

which provide support and protection.

Cell body

Telodendria <

Synaptic terminals

Axon hillock
= 25

Golgi apparatus
Endoplasmic

4{/
Mitochondrion \\ ™ Dendrite

reticulum
/
/ \& Dendritic branches

Figure 6 Structure of the Neuron

=’ 1. 0Organization of the Nervous System

The nervous system is divided into two main parts:

e Central Nervous System (CNS): Consists of the brain and spinal cord. Its Function is
to process and integrate information received From the body and issue commands.

e Peripheral Nervous System (PNS): Consists of nerves (bundles of axons) and ganglia
(clusters of neuron cell bodies). Its function is to transmit signals between the central

nervous system and the rest of the body, such as muscles and gland

National Science and Mathematics Olympiad
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Chapter Two
The Skeletal System
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LTypes of Skeletal Structures

Divisions in Vertebrates:

o Axial Skeleton: Includes the skull,
vertebral column, ribs, and sternum.

o Appendicular Skeleton: Includes the
bones of the limbs and the pectoral

and pelvic girdles.

eote., Lee2i0
o-._‘.:.',---
pul =il ajljg
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mandible

scapula
(shoulder blade)

humerus

femur

Figure 7 Skeletal Structure |

LOverview of Bone in Vertebrates

Bone is a living, dynamic connective tissue that undergoes continuous processes of

Formation, growth, and remodeling.

A. OssifFication:

¢ Intramembranous Ossification: In this process, bones (such as Flat skull bones) Form

directly within layers of connective tissue. Osteoblasts (bone-forming cells) secrete

hydroxyapatite crystals (calcium phosphate) onto collagen Fibers.

National Science and Mathematics Olympiad
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e Endochondral Ossification: Most
bones (such as long limb bones)
develop by replacing a pre-existing
cartilage model with living bone
tissue.

B. Structure of Bone:

e Cells: Bone tissue consists of

osteoblasts (bone-forming cells),

osteocytes (mature bone cells

embedded within the solid matrix),

L ITY at®
T ) tese
#e. 0 " la0e

pul ~ill ajljig
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and osteoclasts (bone_resorbmg | Figure 8 Internal Structure of a Long Bone

cells responsible for remodeling).

e Types: Classified into compact (dense) bone on the exterior and spongy bone on the

interior.

e Haversian System: In compact bone, cells are arranged in concentric rings around

Haversian canals, which contain blood vessels and nerves, keeping the tissue alive.

C. Bone Remodeling
Bone responds to mechanical stress. Repeated Forces (such as physical exercise)
generate a piezoelectric effect in the hydroxyapatite crystals, stimulating osteobl

to increase bone density and strength.

National Science and Mathematics Olympiad

asts




L ]
sn®

Ll
L e

NSMO Mawhiba S

Ljoints and the Mechanism of Movement ey
Movement occurs at joints, which are the points where bones meet.

e Types of Joints: Joints are classified into: Immovable joints (such as the sutures of

the skull)- Slightly movable joints (between the vertebrae)- Freely movable joints

(synovial joints) such as the knee and hip

Ball and Socket
Glenohumeral joint

Radius

Ulna

uuuuuuu

Condylar
etacarpophala

Figure 9 Types of Joints in the Skeletal System

e Muscle Action: Muscles attach to bones through tendons. Each muscle has an

origin (the Fixed attachment point) and an insertion (the movable attachment
point).

Muscles work in antagonistic pairs:

e The agonist (prime mover) produces the movement.

e The antagonist opposes or reverses that movement.

National Science and Mathematics Olympiad
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LMechanism of Skeletal Muscle Contraction i!

Muscle contraction occurs at the molecular level according to the Sliding Filament

Theory.

Thin Thick  Myosin
flament  filament molecule
‘ "

A. Microscopic Structure

A muscle fFiber is composed of
myofibrils, which in turn consist
of repeating units called o] s ) e 1 R

sarcomeres. Each sarcomere

Myosin (thick)
filament

contains two types of filaments:

e Thick Filaments: Made of the

protein myosin, which has Figure 10 Microscopic Structure of Skeletal Muscle

movable heads.

o Thin Filaments: Composed mainly of the protein actin.

B. Cross-Bridge Cycle

1. Attachment: The myosin head (activated by ATP) binds to an active site on the
actin Filament, Forming a cross-bridge.

2. Power Stroke: The myosin head pivots, pulling the actin filament toward the
center of the sarcomere, shortening it and producing contraction.

3. Detachment: A new ATP molecule binds to the myosin head, causing it to detach
From actin.

4. Reactivation: The ATP is hydrolyzed, re-cocking the myosin head and preparing it
For another cycle.The cycle repeats continuously as long as the muscle is

stimulated.

22
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During contraction:
In response to a nerve signal, cross-bridges form
between myosin and actin.

ATP is used to change the position of the myosin head,

) <

= e which causes the movement of the actin filaments.
TEM (false color) —Zym — [ A !

Sarcomere Myofibril  Actin (thin filament)
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At rest

The resting state shows the sliding filament theory,
explaining that muscles contract when the actin filaments
.slide toward each other between the myosin filaments

| Figure 11 Mechanism of Myofibril Contraction (Sliding Filament Theory)

C. Role of Calcium in Regulation

National Science and Mathematics Olympiad

In the resting state, the proteins tropomyosin and troponin located on the actin
fFilament block the myosin binding sites.
When a nerve impulse arrives, calcium ions (Ca**) are released From the sarcoplasmic

reticulum.

actin filament

Calcium binds to the

cross-bridge  myosin head

myosin<1:
troponin protein, causing a fiament

1. ATP is split when myosin
head is unattached.

change in its shape that

moves tropomyosin away,

e

e 2.ADP + P are bound to

exposing the myosin-
4. Binding of fresh ATP causes myosin

~ myosin as myosin head
head to return to resting position.

attaches to actin.

binding sites. This allows

the cross-bridge cycle to '

. . Rigor mortis
begin, leading to muscle 3. Upon ADP + (P release,

power stroke occurs:
head bends and pulls actin.

contraction

Figure 12 Cross-Bridge Cycle in Muscle Contraction
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D. Types of Muscle Fibers

e Slow-Twitch Fibers (Red): Rich in mitochondria and myoglobin, rely on aerobic
respiration, and are characterized by high endurance and fatigue resistance.

e Fast-Twitch Fibers (White): Depend on anaerobic respiration and glycogen reserves,

contract rapidly and powerfully, but Fatigue quickly.

EPatterns of Animal Movement "

Modes of movement vary depending on the environment, but the physical principles

governing them remain the same.

e Movement in Water: The main challengeis dray ...iction). Animals overcome it
through jet propulsion (as in squid), undulating body movements (as in fish), or by
using limbs like paddles (as in ducks and turtles).

e Movement on Land: The primary challenge is gravity. Limbs evolved for support and
propulsion. Increasing the number of legs (as in arthropods) enhances stability but
may reduce speed, while Four limbs (in vertebrates) allow For fast movements such as
running and jumping.

e Flight: Evolved independently fFour times (in insects, pterosaurs, birds, and bats).
Flight depends on generating lift by pushing air downward with the wings and

utilizing the pressure difference between the upper and lower wing surfaces

1
!
i
i
i

\\)
\:\Q

. Gradation of swimming modes from (A) anguilliform, through (B) subcaran-
giform, and (C) carangiform, to (D) thunniform.

Figure 13 Propulsion and Locomotion Mechanism in Fish

National Science and Mathematics Olympiad




NSMO Mawhiba mul il &g

Minlstry of Education

Chapter Three

The Nervous System
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LBasic Organization of the Nervous System i!

The nervous system Functions as a rapid communication and control network. It gathers
information, processes it, and issues commands to maintain homeostasis and respond
to stimuli. It consists of specific structural and functional units.
5’ A.Types of Neurons:
1. Sensory Neurons (Afferent): Transmit information from sensory receptors (such as
the skin and eyes) to the central nervous system.
2. Motor Neurons (Efferent): Carry commands from the central nervous system to
effector organs (muscles and glands).
3. Interneurons (Associative): Found within the central nervous system; they process
information and connect sensory and motor neurons. They form the basis of

complex functions such as learning and memory.

PNS CNS
Sensory Neurons Interneuron
— Cell body
“Dirckion of 0 e
conduction o Cell body
Axon J
Dendrites :

——— Dendrites

Dok~ ———— .

conduction

Motor Neurons

4 "}‘\, G
s .
N
N -
Smooth—= Axon ——Ganglion

| terminals Cell
muscle bodies

Skeletal
muscle

| Figure 14 Types of Neurons in the Central and Peripheral Nervous Systems

a' B. Divisions of the Nervous System
e Central Nervous System (CNS): The control center of the body, consisting of the

brain and the spinal cord.
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e Peripheral Nervous System (PNS): Composed of nerves and ganglia located outside

the central nervous system. It fFunctions as a communication network linking the

CNS with the rest of the body.

Nervous
system
Central Peripheral
Nervous System Nervous System
(CNS) (PNS)
Somatic Autonomic
Brain Spinal cord Nervous System Nervous System
(SNS) (ANS)
Contral. ((prain—Y Sympathetic Parasympathetic
fystem (\f?;,\"‘ X & S )Li« —_ Nervous System Nervous System
N - eripheral
N e
/ / “ \\
WINA A
f [ W\
M\

Figure 15 Diagram Showing the Divisions and Functions of the Central and Peripheral

Nervous Systems

LThe Neuron (Nerve Cell): i!
It is the structural and Functional unit of the nervous system, characterized by a unique
structure that supports its Function.

' A.Structure of the Neuron
e Cell Body: Contains the nucleus.
e Dendrites: Branched extensions that receive signals from other neurons.

e Axon: A single long projection that transmits nerve impulses away from the cell

body.

27
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i’ B. Supporting Cells (Neuroglia or Glial Cells)

These are non-neuronal cells that

outnumber neurons and provide g ssrrdeoiey o @ goumsprces
. o it k.. . T
essential support. toencicl i X) _
e Function: Supply nutrients, o
@ Mesaxon

remove waste products, and (&i?ﬁ

provide structural support to

@ The mature Schwann

neurons. ® ;he spiral wrauomgs & cell myelin sheath has &
i O Sxe
. membrane (myelin, loplasm of the Wl s orp el = T’
) Myel N S h ea t h: A Fa t ty as cy[l)op\asr(n \Z.\alve)s TN gz:m?;nn cel‘l lh :C“l:::hoeuéi:‘n:’%ﬂ;ayer ,’/p .;L-’ -Myelin sheath
the growing process. A Compacting 7 :/“‘f;/?_\:b\
. . T myelin layers 3
insulating layer that wraps O e X /;‘4
= = Schwann cell
around axons. It is produced A‘ Y mcieus
by Schwann cellsin the Figure 16 Formation of the Myelin Sheath Around the Axon

peripheral nervous system
and oligodendrocytes in the central nervous system. This sheath greatly increases
the speed of nerve impulse transmission.

e Nodes of Ranvier: Unmyelinated gaps along the myelinated axon where the nerve
impulse “jumps"” From one node to another in a process known as saltatory

conduction.

LThe Nerve Impulse: The Language of the Nervous System .

Neurons communicate through electrical signals generated by the movement of ions
across their plasma membrane.

i’ A.Resting Potential
When a neuron is not stimulated, it maintains an electrical potential difference across
its membrane of about —=70 millivolts (mV), with the inside of the cell being negative
relative to the outside. This potential arises due to:

1. Sodium-Potassium Pump: Actively transports three sodium ions (Na*) out of the cell

for every two potassium ions (K*) pumped in.
2. Leak Channels: Alarge number of potassium leak channels remain open, allowing

positive charges to leave the cell continuously.

National Science and Mathematics Olympiad



Q-O-ULY
NSMO

&

=’ B.Action Potential

AL0go
Mawhiba

An action potential is a rapid and temporary change in membrane potential that

constitutes the nerve impulse. It is an “all-or-none” event.

Minlstry of Education

1. Depolarization (Rising Phase): When a sufficient stimulus reaches the threshold

potential (around -55 mV), voltage-gated sodium channels open, and Na* rushes

into the cell, reversing the charge inside to positive.

2. Repolarization (Falling Phase): Sodium channels close, and voltage-gated potassium

channels open, allowing K* to Flow out of the cell, restoring the negative internal

charge.

3. The action potential propagates as a self-renewing wave of excitation along the

axon toits terminal.

®Na*

Cytoplasmic Na*
binds to the Na*/K*
pump

K* is released from
the pump

ATP ADP
The Na*/K* pump is
phosphorylated by ATP
‘.)
— |

The pump returns to
@ its original
conformation

The pump changes
its conformation,
causing Na‘ release

Extracellular K* binds
to the pump, leading to
dephosphorylation

| Figure 17 Mechanism of the Sodium-Potassium Pump in the Cell Membrane

LThe Synapse: The Point of Connection

e

A synapse is the junction between one neuron and another, or between a neuron and an

effector cell (muscle or gland).

e Electrical Synapse: Rare in vertebrates; the signal is transmitted directly through gap

junctions.
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e Chemical Synapse: The most common type, where the electrical signal is converted

into a chemical signal.

| Figure18: Structure of the Synaptic Junction

' Mechanism of Chemical Synaptic Transmission:

1. The action potential reaches the end of the axon terminal.

2. Voltage-gated calcium channels (Ca**) open, allowing calcium ions to enter.

3. Calcium triggers synaptic vesicles to Fuse with the membrane and release
neurotransmitters into the synaptic cleft.

4. The neurotransmitters bind to receptors on the postsynaptic membrane, causing a

response — either excitatory or inhibitory.

i’ Synaptic Integration:
A single neuron receives thousands of excitatory and inhibitory signals simultaneously.
It integrates these signals (spatial and temporal summation), and if the combined input

reaches the threshold potential, the neuron generates an action potential.

National Science and Mathematics Olympiad




] ae®
80el%, "Tese

g O Illo' ':l' ! 539.0 o--_‘.i.':---
NSMO Mawhiba —————

2+ tri
2. Depolarization of 3 g?easg'gfgers +
1. Action potential z;ﬁ’:;‘:\"g;:::g:' neurotransmitter | 4. Neurotransmitter binds
reaches presynaptic allowing calcium ¢ from vesicles. to receptor sites on

terminal. (Ca2+) into cell =+ postsynaptic membrane.

vesicle fused % -

/ [ with memt@ -

=
action O h - postsynaptic
potential Ca2+ ] channel receptors
( L s T +
Ot = 5. Opening and closing of
neurotransmitter- - channels cause
+

filled vesicle change in postsynaptic

membrane potential.

(v & S action
] ‘ + + +

» potential
T
_/ synaptic - &
cleft 6. Action potential
P ropagates through +
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transported back
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| Figure 19 Mechanism of Nerve Impulse Transmission Across the Synapse |

LThe Central Nervous System (Brain and Spinal Cord) ap

i A.The Brain

The brain is the center for information processing and higher control. It has evolved

greatly in vertebrates, especially the forebrain, which has become dominant.

e Cerebrum: The largest part of the human brain, responsible for higher functions. Its
outer surface, the cerebral cortex, is the site of consciousness, thought, language,
and memory.

e Cerebellum: Coordinates voluntary movements and maintains balance.

e Brainstem: Regulates vital functions such as breathing and heart rate.

s’ B.The Spinal Cord
Extends from the brain through the vertebral column.
e Function: Acts as a main communication pathway between the brain and the body,

and serves as a control center for reflexes, which are Fast and involuntary actions.

EThe Peripheral Nervous System (PNS) i!

Consists of nerves that connect the central nervous system to the rest of the body.

u' A.Somatic Nervous System

e Function: Controls voluntary movements of skeletal muscles.
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' B. Autonomic Nervous System

e Function: Regulates involuntary functions of internal organs (such as the heart, blood

vessels, and glands).

e Sympathetic Division: Prepares the body For emergencies — the “Fight or flight”

response.

e Parasympathetic Division: Dominates during rest — the “rest and digest” response.

The two divisions work in opposite yet complementary ways.

3. Spinal Cord-

1. Receptor .
P Integration Center

2. Sensory Neuron

T
\\.
é / 4
/ y y

4. Motor Neuron

5. Effector

Figure 20 Structure of the Spinal Cord and the Pathway of Nerve Impulses Between the Skin and Muscles
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. The parasympathetic and sympathetic divisions of the autonomic
nervous system. Most pathways in each division involve two neurons. The axon of the first
neuron extends from a cell body in the CNS to a set of PNS neurons whose cell bodies are clustered
into a ganglion (plural, ganglia). The axons of these PNS neurons transmit instructions to internal
organs, where they form synapses with smooth muscle, cardiac muscle, or gland cells.

Parasympathetic division Sympathetic division

Action on internal organs: Action on internal organs:

Constricts pupil Dilates pupll
of eye - of eye
Stimulates salivary Inhibits salivary
gland secretion P gland secretion

) Sympathetic )
Constricts ganglia Relaxes bronchi
bronchi in lungs > Cervical < in lungs

d
Slows heart »)—J ~ (

Stimulates activity
of stomach and

intestines >')
>\>-) Thoracic<

Stimulates activity A
of pancreas

Accelerates heart

Inhibits activity
of stomach and
intestines

A

“J
\

Inhibits activity
of pancreas

il m¥a i
o

]
\

Stimulates glucose
release from liver;
inhibits gallbladder

et

Stimulates
gallbladder >

Vi m¥l RVl B

A
\]/\.J\.z’ p/
J s

Lumbar—

Stimulates
adrenal medulla

Promotes emptying Inhibits emptyin
of bladder >~ R e of bladder
| X

\Promotes ejaculation and

Promotes erection >_@\ Sacra
of genitalia Synapse vaginal contractions

Figure 21 Effects of the Sympathetic and Parasympathetic Nervous Systems on Body Organs
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Chapter Four

The Digestive System
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LPrinciples of Digestion and Feeding Types i!

Digestion is the process of breaking down large, complex Food molecules into small,

absorbable building units. Animals are classified according to their Food sources into:

e Herbivores: Feed on plants.

e Carnivores: Feed on other animals.

e Omnivores: Feed on both plants and animals.

Digestion occurs either intracellularly (as in sponges) or extracellularly within a

digestive cavity, which is the predominant method in most animals. The digestive

system takes two main structural forms:

1. Gastrovascular Cavity: A simple digestive system with a single opening that functions
as both mouth and anus (e.g, cnidarians).

2. Digestive Tract (Alimentary Canal): A specialized tube extending From the mouth to
the anus, allowing each region to specialize in a particular function such as digestion,

absorption, or storage.

Digestion in a hydra. Digestion begins in the
gastrovascular cavity and is completed intracellularly after small food
particles are engulfed by specialized cells of the gastrodermis.

4Tentacles
Food (Daphnia, @ Digestive
a water flea) enzymes are

released from a
gland cell.

B I ' © Food

x particles are
broken down by
enzymes.

€ Food

particles are
engulfed and

Epidermis Gastrodermis | digested in food
vacuoles.

Figure 22 Anatomical Structure of Hydra and Its Feeding Mechanism
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LThe Journey of Food in the Vertebrate Digestive System i!

The vertebrate digestive system consists of a tubular canal and accessory organs, and

the process of digestion proceeds through several sequential stages.

m' A.Mouth and Teeth

e Function: Digestion begins here with the Tongue . Oral cavity
mechanical breakdown of Food by the teeth oty

(chewing) and the chemical digestion of starch by
saliva, which contains the enzyme salivary

amylase.

e Tooth Adaptations: The shape of teeth reflects

Gallbladder-
Stomach

the animal's diet — carnivores have sharp canines Pancreas

For tearing, herbivores have flat molars for ST

intestine

Large
intestine

grinding, while humans possess a combination of

both types.
° Swallowing: A coordinated process that begins Figure 23 Anatomical Structure of the Human
voluntarily and then becomes involuntary. The Digestive System

tongue pushes Food into the pharynx, while the epiglottis closes the airway to
prevent food From entering the respiratory tract.
s’ B.Esophagus and Stomach
e Esophagus: A muscular tube that
transports food from the pharynx to the

stomach through rhythmic contractions

Mesentery

called peristalsis.
e Stomach: A muscular sac that stores, mixes,
and begins the digestion of proteins.
o Gastric Juice: Contains hydrochloric
acid (HCI), which kills microbes and

denatures proteins, and pepsinogen,

which is converted in the acidic

Figure 24 Anatomical Structure of the Gastrointestinal Tract

wall
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environment to pepsin, the active enzyme that digests proteins.

pylori.

Fundus

Esophagus —L

Cardia

Longitudinal
layer

Circular
layer

Pyloric
orifice  Pyloric
sphincter

Lesser Muscularis

curvature

Duodenum

Oblique
layer

Body

Interior surface of stomach.
The interior surface of the
stomach wall is highly folded
and dotted with pits leading
into tubular gastric glands.

Gastric gland. The gastric
glands have three types of
cells that secrete different
components of the gastric
juice: mucous cells, chief cells,
and parietal cells.

Chyme: A semi-liquid mixture of partially digested Food and gastric secretions.

Gastric Ulcers: Often associated with infection by the bacterium Helicobacter

Pylori Mucous cells secrete mucus,
yione Greater curvature which lubricates and protects ‘

the cells lining the stomach.

an inactive form of the
digestive enzyme pepsin.

Pyloric

antrum

hief cells secrete pepsinogen,
Gastric folds ‘

Parietal cells produce ‘
the components of
hydrochloric acid (HCl).

Figure 25 Internal Structure of the Stomach Wall and Gastric Glands

=’ C.Small intestine

The small intestine is the main site for completing digestion and absorbing most

nutrients.

e Structure: It consists of three parts — the duodenum, jejunum, and ileum. Its inner
wall contains Folds covered with Finger-like projections called villi, which are
themselves lined with microvilli. These structures greatly increase the surface area
For absorption — up to about 300 square meters in humans.

e Function:

1. Completion of Digestion: The small intestine receives secretions from the
pancreas and liver, as well as brush border enzymes located on the microvilli,
which complete the digestion of carbohydrates, proteins, and fats.

2. Absorption: Monosaccharides and amino acids are absorbed into the bloodstream,
while the products of fFat digestion are assembled into chylomicrons, which enter

the lymphatic system First.
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' D.Large Intestine /Colon

e Function: The large intestine is the final section of the digestive tract, responsible for

absorbing remaining water and salts, and for forming and storing feces (waste

material).

e Colon Bacteria: It hosts a vast number of beneficial bacteria that Ferment undigested

fFibers and produce essential vitamins such as vitamin K.

e Defecation: Feces are expelled through the rectum and anus, which are controlled by

two sphincters — an internal (involuntary) and an external (voluntary) sphincter.

LAccessory Digestive Organs

e

These are organs located outside the digestive tract but essential For the digestion

process through their secretions.

e Pancreas: Secretes alkaline pancreatic juice containing powerful digestive enzymes

such as trypsin (For protein digestion), amylase (for starch digestion), and lipase (For

Fat digestion). It also produces the hormones insulin and glucagon, which regulate

blood sugar levels.

e Liver: Thelargest internal organin the
body. It produces bile, which emulsifies
fats - breaking them down into small
droplets For easier digestion. The liver
also performs vital metabolic
Functions, including detoxification and
synthesis of blood proteins.

e Gallbladder: A small sac that stores
and concentrates bile produced by the
liver until it is released into the small

intestine.

Pancreatic islet
(of Langerhans)

B cell

From liver o cell—

Pancreas i i

Common
bile duct

Pancreatic
duct

Duodenum

Figure 26 Anatomical Structure of the Pancreas

38



“l' 9oL u®9o |~ S
NSMO Mawhiba e

ESpecialized Digestive Adaptations in Vertebrates )

Animals especially herbivores—have developed special adaptations fFor digesting
cellulose, a major component of plant cell walls that most animals cannot digest on
their own.

e Ruminants: Animals such as cows possess a complex stomach with four chambers
(the largest being the rumen). Symbiotic microorganisms in the rumen fFerment
cellulose, breaking it down into simpler compounds. The animal then regurgitates the
partially digested Food (called cud) and chews it again to increase digestive
efficiency.

e Cecal Digesters: Other animals, such as rabbits and horses, have an enlarged pouch
called the cecum located at the junction of the small and large intestines. Microbes in
the cecum Ferment cellulose, aiding in digestion. Some of these animals (like rabbits)
exhibit coprophagy — the behavior of re-ingesting Feces to pass food through the

digestive tract a second time and absorb fermentation products more effectively.

EReguIation of Digestion L

The process of digestion is precisely regulated by both the nervous and hormonal
systems.
e Nervous Regulation: The sight, smell, or taste of Food stimulates the secretion of
saliva and gastric juices in preparation For digestion.
e Hormonal Regulation:
o Gastrin: Secreted by the stomach; it stimulates the release of hydrochloric acid
(HCI).
o Secretin and Cholecystokinin (CCK): Secreted by the duodenum when acidic or
Fatty chyme enters from the stomach. They inhibit stomach activity while

stimulating secretions from the pancreas and gallbladder.

National Science and Mathematics Olympiad
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Stomach

Liver 4 pH
Proteins » | Gastrin

(+) ' ‘ (+)
/) Chief cells  Parietal cells

GIP { {

/ Pepsin HCI
Btle\
(+) Pancreas

| Enzymes - Acinar
44—/B|carbonate<- cells
Gallbladder e e
CCK /
Secretin
I Duodenum

| Figure 27 Hormonal Regulation of Digestive Secretions in the Digestive System |

LNutrition and Energy i!

Food provides the body with both energy (measured in kilocalories) for vital activities
and essential nutrients that the body cannot synthesize on its own.
e Energy Balance: When energy intake exceeds energy expenditure, the surplus is
stored as fat, which may lead to obesity.
e Appetite Regulation: Controlled by a center in the hypothalamus of the brain and
influenced by several hormonal signals, such as:
o Ghrelin: Stimulates hunger.
o Leptinand Insulin: Suppress appetite.
e Essential Nutrients: Include essential amino acids, essential Fatty acids, vitamins, and
minerals - all of which must be obtained through the diet to maintain proper body

health.

40

National Science and Mathematics Olympiad




. gouLy dog0
NSMO Mawhiba

Chapter Five

The Circulatory and Respiratory Systems
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EThe Circulatory System: The Internal Transport Network i!

The circulatory system is the transport network responsible For distributing oxygen,
nutrients, and hormones, as well as removing wastes from the body's cells. Its structural

complexity ranges from simple organisms to highly developed vertebrates.

m' Circulation in Vertebrates

e Fish: Possess a simple two-chambered heart (one atrium and one ventricle) and a
single circulatory loop. The heart pumps blood to the gills, where it is oxygenated, and
then to the rest of the body before returning to the heart. A disadvantage of this

system is the drop in blood pressure after passing through the gills.

Systemic | Respiratory
capillaries <=\ Atrium capillaries

R

venosus / Ventricle arteriosus

Figure 28 Circulatory System in Fish
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e Amphibians and reptiles: Have a double circulatory system (pulmonary and systemic)

and a three-chambered heart (two atria and one ventricle). This arrangement allows

For partial separation of oxygenated and deoxygenated blood, providing higher

pressure to blood flowing to the body.

e Mammals, birds, and crocodiles: Possess the most efficient system—a four-

chambered heart (two atria and two completely separated ventricles). This complete

separation prevents the mixing of oxygenated and deoxygenated blood, supporting

the high metabolic rates required to maintain body temperature.

Pulmonary artery Aorta

Right.
atrium
atrium

Semilunar
valve

Atrioventricular. ’ -Atrioventricular
(AV) valve (AV) valve

Right
ventricle ventricle

Superior
vena cava

Capillaries of
head and
forelimbs

Pulmonary

Capillaries
of right lung

Pulmonary
vein

Right atrium Left atrium
Right ventricle Left ventricle

vena cava

Capillaries of
abdominal organs
and hind limbs

Figure 30 : Cardiac Valves in Open and Closed Positions
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#' C.The Heart and Blood Vessels in Mammals
e Cardiac Cycle: The cardiac cycle is the sequence of contraction (systole) and
relaxation (diastole) of the heart chambers, which together constitute a heartbeat.
The characteristic “lub-dub” sounds of the heart are produced by the closure of the

heart valves, which ensure that blood flows in only one direction.

Pressure in cuff Pressure in cuff Pressure in
’ greater than drops below cuff below
120 mm Hg ( 120 mm Hg 70 mm Hg
Cuff - é— o o
inflated -
with air _

Artery
closed

audible in
stethoscope

@ A sphygmomanometer, an
inflatable cuff attached to
a pressure gauge, measures
blood pressure in an artery.
The cuff is inflated until the
pressure closes the artery,
so that no blood flows past
the cuff. When this occurs,
the pressure exerted by the
cuff exceeds the pressure in
the artery.

@ The cuff is allowed to deflate

gradually. When the pressure
exerted by the cuff falls just
below that in the artery, blood
pulses into the forearm,
generating sounds that can

be heard with the stethoscope.
The pressure measured at this
point is the systolic pressure
(120 mm Hg in this example).

€©) The cuff is allowed to
deflate further, just until
the blood flows freely
through the artery and the
sounds below the cuff
disappear. The pressure at
this point is the diastolic
pressure (70 mm Hg in this
example).

Figure 31 Steps for Measuring Blood Pressure Using a Sphygmomanometer and Stethoscope

Blood Vessels:

e Arteries: Carry blood away from the heart. They have thick, elastic walls to withstand
high pressure.

e Veins: Return blood to the heart and contain valves that prevent the backflow of
blood.

e Capillaries: A vast network of microscopic, thin-walled vessels that form the site of

exchange of materials between the blood and body tissues.
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An artery A vein

thick thin layer of muscle
outer wall and elastic fibers
small
lumen
; ~ fairly thin
thick layer of muscles y
outer wall

wall made of
a single layer of cell

| Figure 32 : Structure of Blood Vessels — Arteries, Veins, and Capillaries

Regulation of Heartbeat and Blood Pressure:

e The heartbeat is initiated spontaneously by specialized cells in the sinoatrial (SA)
node, which acts as the natural pacemaker of the heart.

e The autonomic nervous system adjusts the rate and strength of heart contractions.

e Blood pressure is maintained through a negative feedback mechanism known as the

baroreceptor reflex, along with hormones that regulate blood volume.

ECG of Normal Sinus Rhythm

|
QRS

P wave Complex

—

Q wave

R WaAaVve

S wave —

T wave

|
PR Interval

[ E—
ST
Segment

QT Interval
'

Figure 33. A normal sinus rhythm on an electrocardiogram (ECG) is a regular heart rhythm originating from the sinoatrial
(SA) node, typically showing a consistent rate of 60-100 beats per minute with properly formed P waves before each

QRS complex.
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STEP 1:
SA node activity and atrial
activation begin.

Time = 0

STEP 2:

Stimulus spreads across the
atrial surfaces and reaches the
AV node.

Elapsed time = 50 msec

STEP 3:

There is a 100-msec delay at
the AV node. Atrial contraction
begins.

Elapsed time = 150 msec

Bundle
branches

L
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STEP 4:

The impulse travels along the
interventricular septum within
the AV bundle and the bundie
branches to the Purkinje fibers
and, via the moderator band, to
the papillary muscles of the
right ventricle.

Elapsed time = 175 msec

STEP S:

The impulse is distributed by
Purkinje fibers and relayed
throughout the ventricular
myocardium. Atrial contraction
is completed, and ventricular
contraction begins.

Elapsed time = 225 msec

Purkinje fibers

Figure 34 Impulse Conduction through the Heart

Blood: A Fluid connective tissue composed of:

National Science and Mathematics Olympiad

' D.Components of the Blood and the Lymphatic System:

Plasma: The liquid medium in which other components are suspended.

Red blood cells (erythrocytes): Contain hemoglobin, which transports oxygen.

White blood cells (leukocytes): Function as part of the immune system.

Platelets (thrombocytes): Cell Fragments essential For blood clotting.

Lymphatic System: An open network of vessels that returns excess fluid and proteins

from tissues back to the bloodstream, and plays a vital role in immunity.

Plasma 55%

Constituent

Major functions

Cellular elements 45%

Cell type

Number

per uL (mm?) of blood

3 Functions

Water

lons (blood
electrolytes)
Sodium
Potassium
Calcium
Magnesium
Chloride
Bicarbonate

Plasma proteins
Albumin

Immunoglobulins
(antibodies)

Apolipoproteins

Fibrinogen

Solvent Leukocytes (white blood cells) 5000-10 000 Defence and
immunity
Separated

Osmotic balance, blood ‘ﬁi
pH buffering, elements
and regulation Lymphocytes
of membrane Basophils
permeability

(f

Q
Osmotic balance, iy Mon‘éwtes
pH buffering Neutrophils
Defence Platelets B 250 000-400 000 | Blood clotting

AV & 24
FAST R

Lipid transport
Clotting

Substances transported by blood
Nutrients (such as glucose, fatty acids,
vitamins), waste products of metabolism,
respiratory gases (O, and CO,), and hormones

Erythrocytes (red blood cells)

@)

5 000 000-6 000 000

Transport of O,
and some CO,

Figure 35 Components of Blood
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@ The clotting process begins when the @ The platelets © Unless the break
endothelium of a vessel is damaged, form a plug that is very small, this
exposing connective tissue in the provides immediate plug is reinforced
vessel wall to blood. Platelets adhere protection against by a fibrin clot.
to collagen fibers in the connective blood loss.

tissue and release a substance that
makes nearby platelets sticky.

Fibrin clot
Platelet Red blood cells caught ~ ———
in threads of fibrin 5um
Clotting factors from: Fibrin clot formation

Clotting factors released from the clumped
platelets or damaged cells mix with clotting
Do) factors in the plasma, forming an enzymatic
ey Plasma (factors include calcium, vitamin K) p v 9 Y
4 cascade that converts a plasma protein called
| prothrombin to its active form, thrombin.
Thrombin itself is an enzyme that catalyzes

Platelets

Enzymatic cascade <y Positive the final step of the clotting process, the
(+) feedback conversion of fibrinogen to fibrin. The threads
Prothrombin Thrombin of fibrin become interwoven into a clot (see

colorized SEM above).

'

Fibrinogen — ety Fibrin o/

| Figure 36 Stages of Blood Clotting and Formation of a Thrombus to Stop Bleeding

LThe Respiratory System: Gas Exchange Network i!

The respiratory system works in coordination with the circulatory system to supply the
body with oxygen and remove carbon dioxide.

=" A.Principles of Gas Exchange
Gas exchange occurs by diffusion across moist respiratory surfaces. According to Fick's
Law, the efficiency of diffusion increases with:

1. Anincrease in the surface area of the respiratory membrane.

2. Adecrease in the diffusion distance.

3. Agreater difference in the partial pressure of gases across the surface.

s’ B. Diversity of Respiratory Organs
e Gills: Specialized structures For breathing in water. Fish gills are extremely efficient
due to the countercurrent flow mechanism, where blood fFlows in the opposite

direction to water, maximizing oxygen uptake.
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e Tracheal System: A network of branched tubes found in insects that delivers air

directly to body cells.

e Lungs:Internal sacs adapted for breathing air - a feature that reduces water loss.

lamellae

y) e £
Figure 37 Mechanisms of Gas Exchange in Different Organisms |

' C.The Respiratory System in Mammals and Birds

e Mammals: The airway consists of the trachea, which branches into bronchi and
Further into bronchioles, ending in millions of tiny air sacs called alveoli, where gas
exchange occurs with the blood. Breathing occurs through a negative pressure
mechanism generated by the contraction of the diaphragm and intercostal muscles.

e Birds: Birds possess the most efficient respiratory system among terrestrial
vertebrates. Their unidirectional airflow system through the lungs and air sacs
prevents the mixing of Fresh air with stale air, ensuring continuous oxygen exchange

even during exhalation.

' D.Gas Transportin the Blood
Blood acts as the transport medium linking the lungs to the body tissues.
e Oxygen Transport: About 98% of oxygen is carried bound to hemoglobin within red
blood cells.

e Carbon Dioxide Transport: Carbon dioxide is carried in three forms:
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o Asmall portion dissolved in plasma.

o A portion bound to hemoglobin.
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o The majority (about 70%) is converted inside red blood cells into bicarbonate ions

(-HCOs), which are then transported in the plasma.

LForced Breathing:

e

Forced breathing is a type of respiration in which voluntary muscles are used to assist in

inhaling or exhaling air from the lungs. It typically occurs when the body requires a

greater amount of oxygen or needs to expel carbon dioxide more rapidly, such as during

intense exercise or certain medical conditions.

i Types of Forced Breathing:

1. Forced Inspiration:

¢ Involves the use of additional muscles, such as the neck muscles

(sternocleidomastoid) and upper back muscles, to expand the chest cavity further.

e Helps bring alarger volume of air into the lungs.

2. Forced Expiration:

e Utilizes the abdominal
muscles and internal
intercostal muscles to
Forcefully expel air from the
lungs.

e Commonly occurs during
coughing, blowing, or intense

physical exertion.
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Figure 38 Gas Exchange Between Alveoli and Body Tissues Through the

Circulatory System
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Chapter Six

The Immune System
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L0verview: The Three Lines of Defense iﬁ

Vertebrates possess a multi-layered defense system to protect the body from

pathogens. This system can be divided into three main lines of defense:

1. First Line of Defense (Physical and Chemical Barriers): Represented by the
integumentary system (skin and mucous membranes), which prevents the entry of
microbes in the First place.

2. Second Line of Defense (Innate/Nonspecific Immunity): A rapid, general response
that begins once the first line is breached. It includes specialized cells and proteins
that attack any foreign body.

3. Third Line of Defense (Adaptive/Specific Immunity): A highly specialized response
that recognizes and eliminates a particular pathogen, characterized by the formation

of long-term immune “memory.”

LThe First Line of Defense: Physical and Chemical Barriers 8

This line serves as a protective shield preventing invaders from entering the body.

e Skin: The largest organ of the body, forming an impermeable physical barrier. It also
secretes sweat and oils that make its surface acidic (pH 3-5), inhibiting the growth of
many microbes. Sweat contains the enzyme /ysozyme, which breaks down bacterial
cell walls.

e Mucous Membranes: Line the digestive, respiratory, and urogenital tracts. These
membranes secrete sticky mucus that traps microbes, which are then expelled or
destroyed through various mechanisms:

o Respiratory system: Cilia move mucus upward to be swallowed and digested in the
stomach.

o Digestive system: Strong stomach acid kills most microbes that reach it.

o Urogenital system: Acidic secretions and the continuous flow of urine help

prevent microbial growth.
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e

When the first line is breached, an immediate, non-specific response begins.

i’ A.Innate Immune Cells

Pseudopodia
p

surround
Pathogen pathogens.
@ Pathogens
ol § are engulfed
by endocytosis.
PHAGOCYTIC CELL 4
(=)
& © Vacuole
f “. forms,
“ y ‘enclosing
=2 pathogens.

ey e
Vacuole Y \Lysosome
—— containing O Vacuole
‘ enzymes and lysosome
\ "y fuse.

oy © Toxic
S %}‘ / compounds
“‘\":"- & and lysosomal
Y enzymes destroy
“;;'3‘;& pathogens.

&

& @ Debris from
pathogens is
released by
exocytosis.

Figure 39 Mechanism of Natural Killer (NK) Cell Action in

Immune Defense Against Target Cells

=’ B.The Inflammatory Response

e Macrophages: Large phagocytic cells
that roam tissues, engulfing and
digesting any foreign particles they
encounter - from bacteria and viruses to
dead cell debris.
e Neutrophils: The most abundant white
blood cells and the first to arrive at the
infection site; they efficiently engulf
pathogens.
e Natural Killer (NK) Cells: Do not attack
microbes directly but specialize in
identifying and destroying virus-
infected or cancerous body cells by
inducing programmed cell death

(apoptosis).

It is a localized response to injury or infection, characterized by Four main symptoms:

redness, heat, swelling, and pain. This response occurs as a result of the release of

chemical substances (such as histamine) from damaged cells, causing blood vessels to

dilate and become more permeable, allowing immune cells to flow into the affected area.
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m' C.Fever

: Phagocytosis

Red blood cells Neutrophil
@ At the injury site, mast cells release histamines, @ Capillaries widen and become more permeable, € Neutrophils digest pathogens and
and macrophages secrete cytokines. These allowing fluid containing antimicrobial peptides cell debris at the site, and the
signalling molecules cause nearby capillaries to enter the tissue. Signals released by immune tissue heals.
to dilate. cells attract neutrophils.

Figure 40 Innate Immune Response Following a Wound and Bacterial Entry

Fever is a systemic (whole-body) response that raises the body's temperature. It is
triggered by cytokines (such as interleukin-1) secreted by phagocytic cells and helps

inhibit microbial growth while enhancing the activity of immune cells.

=’ D. Antimicrobial Proteins

e Complement System: A group of about 30 proteins found in blood plasma. When
activated, they can form pores in microbial membranes (leading to their death) or
“tag” them to make phagocytosis easier.

e Interferons: Proteins secreted by virus-infected cells that act as warning signals to
neighboring cells, stimulating their antiviral defenses and preventing viral

replication.

EThe Third Line of Defense: Adaptive (Specific) Immunity i!
This is a highly advanced response characterized by four main features: specificity,
diversity, memory, and the ability to distinguish self from non-self.

i’ A. Basics of the Adaptive Response
e Antigen: Any molecule (usually a protein) capable of eliciting a specificimmune
response.
e Lymphocytes: The key cells of adaptive immunity, divided into two main types:
o B Cells: Responsible for humoral immunity.

o TCells: Responsible for cell-mediated immunity. @
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i’ B. Cell-Mediated Immunity (Role of T Cells)

This type of immunity targets infected body cells.
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e Major Histocompatibility Complex (MHC): Proteins on the surface of body cells that

"display” fragments of internal proteins (antigens) to T cells.

e Helper T Cells (CD4): The “"commanders” of the immune system. They are activated

when they recognize an antigen presented by an antigen-presenting cell (such as a

macrophage). Once activated, they secrete cytokines that requlate and activate all

other immune cells.

e Cytotoxic T Cells (CD8): The “soldiers.” They recognize virus-infected or cancerous

body cells displaying Foreign antigens on their surfaces and kill them directly.

Cytotoxic T cell

Accessory. .
protein (CD8) Antigen
receptor
Class T MHC—
molecule
Infected
cell

@ An activated cytotoxic T cell binds to a
class I MHC-antigen fragment complex on
an infected cell via its antigen receptor and

an accessory protein (called CD8).

Antigen
fragment

Perforin |

Pore ¢
~F

@ The T cell releases perforin molecules,
which form pores in the infected cell
membrane, and granzymes, enzymes that
break down proteins. Granzymes enter the
infected cell by endocytosis.

Released
cytotoxic T cell

Dying infected cell

© The granzymes initiate apoptosis within the
infected cell, leading to fragmentation of
the nucleus and cytoplasm and eventual cell
death. The released cytotoxic T cell can
attack other infected cells.

Figure 41 Mechanism of Cytotoxic T (CD8) Cell Action in the Cell-Mediated Immune Response

' C. Humoral Immunity (Role of B Cells and Antibodies)

This type of immunity targets pathogens Found in body fluids (blood and lymph).

e Activation of B Cells: Occurs when an antigen binds to a B cell receptor,and—along

with helper T cell signals—the B cell becomes activated.

e Plasma Cells and Memory Cells: Activated B cells divide into plasma cells (Factories

that produce antibodies) and long-lived memory cells (the basis of immune memory).

e Antibodies: Y-shaped proteins secreted into body fluids. Antibodies do not kill

microbes directly; rather, they neutralize or mark them for elimination by phagocytic

cells or the complement system.

54
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LOrgans of the Immune System i!
Immune cells develop and become active
in specialized lymphoid organs. ’ ‘:',’ 3’

il

e Primary Organs (Sites of Maturation): z

Antigen-
binding site  Light chain

| Antigen-
Light chain binding site

o Bone Marrow: The source of all

Heavy chains N

blood cells and the site where B

. Carbohydrate chain

cells mature.

(a)

o Thymus Gland: The site where T

An immunoglobulin domain
|
cells mature. v S-Sbridge | Heavy chain

e Secondary Organs (Sites of . /é Ysmdge J
Activation): C‘fr}‘/\ . \
Constant (\_/\‘ p One Fab /

o Lymph Nodes and Spleen: Act as fogon p

!

Light chain

et |
Filters (For lymph and blood, LR R TR
Cell membrane
respectively) and are the main () (v)
Figure 42 General Structure of Antibodies and Their Key
locations where lymphocytes .

encounter antigens to activate the immune response.
Elmmune System Applications and Disorders i!

i’ A.Blood Groups and Organ Rejection
e Blood Groups (ABO and Rh): These are examples of antigens present on the surface
of red blood cells. A mismatch during blood transfusion triggers a strong immune
response.
e Organ Transplant Rejection: Occurs when the recipient's immune system recognizes
the donor organ's MHC proteins as “foreign” and attacks them.
i’ B.Pathogen Evasion Mechanisms
Many microbes have evolved strategies to escape the immune system, such as:
e Antigenic Variation: The influenza virus constantly changes its surface proteins,
requiring new vaccines every year.
e Direct Attack on the Immune System: The Human Immunodeficiency Virus (HIV)
attacks and destroys helper T cells (CD4), leading to the collapse of the immune

system and the development of Acquired Immunodeficiency Syndrome (AIDS).
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Chapter Seven

The Excretory System
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ENil:rogenous Wastes: Products of Protein and Nucleic Acid Metabolism "

When animals break down amino acids and nucleic acids, they produce nitrogen-
containing wastes that must be eliminated. The form in which these wastes are

excreted depends on the animal's environment and its need to conserve water.

EForms of Nitrogenous Wastes B

1. Ammonia (NHs): The primary waste product. It is highly toxic and requires large
amounts of water to be excreted safely. Therefore, it is the preferred Form for most
bony fish and aquatic animals, which can release it directly into the water through
their gills.

2. Urea: Amuch less toxic and water-soluble compound. It is synthesized in the liver
Ffrom ammonia and requires energy to produce, but it allows nitrogen to be excreted
with less water loss. This is the main Form of nitrogen waste in mammals and adult
amphibians.

3. Uric Acid: A very low-toxicity compound with poor solubility in water, allowing it to be
excreted as a semi-solid paste with minimal water loss. Its production requires the
most energy, but it is a remarkable adaptation for water conservation—essential for
animals living in arid environments or those that lay hard-shelled eggs, such as birds,

reptiles, and insects.

EThe Urinary System in Mammals: The Kidney "

The kidney is the primary organ responsible for filtering blood, removing metabolic
wastes, and regulating the body's water and salt balance.

&' A.General Structure and Basic Functions
Blood flows into the kidneys through the renal artery, where it is filtered to produce
urine. The urine then passes through the ureter to the bladder for temporary storage
before being expelled from the body through the urethra. Internally, the kidney consists

of an outer cortex and an inner medulla.
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Renal
cortex

Renal
medulla

Posterior Renal
vena cava \ Y artery
Renal artery
and vein

Aorta

Renal

Ureter

Urinary
bladder

Urethra

Renal pelvis

Cortical  Juxtamedullary
nephron nephron

| Figure 43 Anatomical Structure of the Urinary System, Kidneys, and the Nephron Unit

The Kidney Performs Three Main Processes:

1. Filtration: Blood plasma is forcefully pushed From the capillaries into the nephron,

leaving behind blood cells and large proteins.

2. Reabsorption: Vital substances such as water, glucose, and salts are reabsorbed from

the filtrate and returned to the bloodstream.

3. Secretion: Additional wastes, toxins, and excess ions are actively transported from

the blood into the Filtrate for elimina.

i’ B.The Nephron: The Functional Unit of the Kidney

Each kidney contains about one million microscopic filtering units called nephrons. The

nephron is responsible for urine formation through a series of specialized steps.

&' Main Parts of the Nephron:
e Glomerulus: A network of capillaries where Filtration occurs.
e Bowman's Capsule: Surrounds the glomerulus and collects the Filtrate.
e Proximal Convoluted Tubule: The site where most water and nutrients are

reabsorbed.
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e Loop of Henle: A U-shaped structure that Al ol

plays a crucial role in concentrating urine.

from renal artery  Glomerulus

Bowman'’s
/— / capsule

._—Proximal

e Distal Convoluted Tubule: Responsible for » 5 PR
fine-tuning the balance of salts and water. Distal/ ‘ & o
. . capillaries
e Collecting Duct: Collects urine from tubule \
multiple nephrons and transports it to the Efferent
arteriole
renal pelvis. from
glomerulus ~N
Branch of
renal vein
Descending
limb
¢ Vasa
Collecting —— recta Loop of

duct Henle

Ascending
limb

o

Figure 44 Detailed Structure of the Nephron and the Pathways of Blood and
Filtrate Within the Kidney

&' C. Mechanism of Urine Formation and Concentration (Countercurrent Multiplier

System)

The ability of mammals to produce concentrated urine (more concentrated than blood)

depends on the structure and function of the Loop of Henle and the collecting duct — a

mechanism known as the countercurrent multiplier system.

1. Ascending Limb of the Loop of Henle: Actively pumps out salts (NaCl) into the

surrounding kidney medulla but is impermeable to water. This process makes the

medullary region highly salty.

2. Descending Limb of the Loop of Henle: Permeable to water but not to salts. As the

Filtrate moves downward, water leaves the tubule by osmosis into the salty medullsa,

making the filtrate inside increasingly concentrated.

3. Collecting Duct: Also passes through the highly concentrated medullary region.

Under the influence of antidiuretic hormone (ADH), its walls become permeable to

water, allowing more water to be reabsorbed into the bloodstream, producing

concentrated urine.
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ﬂ Exercises

Although connective tissues vary in structure and location, they share a
common purpose, connecting and supporting other types of tissues. Although
all the Following tissues possess this characteristic, one of them is not a
connective tissue:

Blood

Muscles

Adipose tissue

Cartilage

All body organs share the following characteristic:

Contain the same types of cells

Are composed of several types of cells

Are derived from the ectoderm

Can be considered part of the circulatory system

Epithelial tissues perform all of the Following Functions except:
Forming barriers or boundaries

Absorbing nutrients in the digestive system

Transmitting information in the central nervous system

Allowing gas exchange in the lungs

Endocrine and exocrine glands are formed From which type of tissue?
Epithelial

Connective

Nervous

Muscular

The exoskeleton and endoskeleton differ in the following way:

The exoskeleton is rigid, while the endoskeleton is flexible.

Endoskeletons are fFound only in vertebrates.

o ©® » o O N ® » & OO ® >» W O O ©®W > N O O ©® >

Endoskeletons are found only in vertebrates.
Exoskeletons are located outside soft tissues, whereas endoskeletons are
located inside the body.

6 Worms and marine invertebrates use a hydrostatic skeleton for movement, in which:
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Their bones are filled with water that gives the skeleton its weight.

Changes in body shape result from muscle contractions that compress body fluids.
The muscles contain water-filled cavities that provide a rigid internal structure when
Filled.

The term hydrostatic refers to a moist environment, and movement occurs in a way

like arthropods.

You have X-ray images of two people: Rabeg, a weightlifter and bodybuilder For
30 years, and Basheer, who has spent most of his life sitting. What difference
would you expect between their X-ray images?

No difference, both have thicker bones than younger people due to natural
growth over time.

No difference, lifestyle does not affect bone density.

Rabea will have thicker bones due to remodeling caused by physical stress.
Basheer’'s bones will be thicker because bone accumulates like fat From sitting.
The statement that best describes the sliding fFilament mechanism of muscle
contraction is:

The actin and myosin filaments do not shorten, but they slide past each other.
The actin and myosin filaments shorten and slide past each other.

When the Filaments slide past each other, only the actin filaments shorten.
When the Filaments slide past each other, only the myosin Filaments shorten.
Simple Nervous System:

Must include chemical senses, mechanical senses, and vision

InFormation flows only toward an integration center

InfFormation Flows away from an integration center

Includes sensory input, an integration center, and a response

Most neurons in the human brain:

Sensory neurons

Motor neurons

Interneurons

Peripheral neurons

This type of neuron can extend more than one meter in length:

[0)]
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A  Glial cell in the brain

B  Sensory neurons

C Interneurons

D Neurons that control eye movements

At the synaptic region, chemical substances (neurotransmitters) are released

12
by:
A Dendritic membrane
B Presynaptic membrane
Cc Axon
D Channels on the smooth endoplasmic reticulum

13 Inwhich part of the digestive system is most water reabsorbed?
A Kidneys
Stomach

C Small intestine

o

Large intestine

14  Why must most food materials be digested?

A Digestive enzymes require a variety of essential substances

B  Toensurethedietis balanced

C Most fFood molecules are too large to be absorbed

D Topreventintestinal disorders
In the digestive system, enzyme A has an optimal pH of 1.5, and enzyme

15 B has an optimal pH of 7. What are the likely substrate types for these
enzymes?
Enzyme A B

A Proteins Amino acid

B Fats Proteins

C Carbohydrates Fats

D Proteins Fats

6 Which of the Following parts of the digestive system secrete protein-digesting

enzymes?
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A Yes Yes No

B Yes No Yes
C Yes No No
D No No No

A  Onlylandll
B  Onlylandlll
C Only Il and llI
D I, 11and lll

Only |

Only Il
Only Il
land Il
land Ill
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Iland Il
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Which of the Following statements is true regarding gas exchange organs in
animals?

In a starfish, the gills play a role in gas exchange, but the tube feet do not
participate in this process

In grasshoppers, the developed muscles surrounding the tracheal tubes
control the movement of air in and out through an external opening

In Fish, blood Flows through the Filamental capillaries in the same direction as
the Flow of water from the mouth and pharynx to the outside

In birds, during exhalation, the air sacs contract, pushing air outward while the
lungs Fill with air

In humans, a surfactant is required to increase surface tension in the thin fluid
layer coating the inner surface of the bronchi; in the absence of surfactant, the
alveoli collapse during exhalation, preventing air from entering during
inhalation

In which of the Following structures is the average blood pressure the lowest?
Aorta

Arteries

Arterioles (small arteries)

Capillaries

Venae cava (superior and inferior vena cava)

The systemic inflammatory response that is often life-threatening:

Mild Fever

Dull aches and pain

Septic shock

High blood pressure

Both the eyes and the respiratory system are protected against infections by:
The mucous membranes covering their surfaces

The secretion of complement proteins

The release of slightly alkaline secretions

The secretion of lysozyme on their surfaces
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Antihistamine treatment reduces:

Vasodilation

Phagocytosis of antigens

MHC presentation by macrophages

Secondary immune response

The cells and signaling molecules that initiate inflammatory responses:
Phagocytes and lysosomes

Phagocytes and chemicals

Stem cells and interferon

Mast cells and histamine

A bacterial infection in a previously uninfected house cat would most rapidly
activate:

Toll-like receptors (TLRs) that bind to lipopolysaccharides

Memory cells to produce antibodies

Plasma cells to produce antigens

Exhaustion of all innate immune response options

A key part of the humoral immune response is:

The attack of cytotoxic T cells on infected host cells

The production of antibodies by plasma cells

The perforation of infected host cells by perforin

The phagocytic attack on living pathogens

One of the main functions of the excretory system is to eliminate excess
nitrogen produced by metabolism. Which of the Following organisms is most
efficient at packaging or processing nitrogen For excretion?

Frog

Freshwater fish

Iguana

Came

The blood of sharks is isotonic with seawater because of the reabsorption of:

Ammonia
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Uric acid

Urea

Sodium chloride

Functions of the kidney:

Removing harmful substances from the body
Reabsorbing water for reuse

Regulating the level of salts in the blood

All the above

IF an infection affects the process of ion reabsorption From the Filtrate, it
would damage cells located in:

Bowman's capsule

renal tubules

Glomerulus

Collecting duct
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ﬂ Mock Exam

1- A person is sick from the COVID-19 virus. What kind of immunity does this person gain

due to the infection and then retain after recovery?

A. Active immunity, innate immunity
B. Active immunity, acquired immunity
C. Passive immunity, innate immunity

D. Passive immunity, acquired immun.

2.The figure below shows the biceps brachii, which is a muscle that fFlexes the lower arm.

The arrows indicate the tension force acting on the lower arm bone.

Consider the Following statements:

l. Biceps brachii can be voluntarily controlled. , )
Biceps brachii

Il. The muscle cell of the biceps brachii must have

a striated appearance with multiple nuclei. Brachioradialis

lIl. The neurotransmitter released by the motor
neurons involved in contraction of biceps brachii

is glutamate.

(Modified from Betts et al., 2022)

Which statement(s) (I-111) is/are correct?

A.lonly
B. 1l only
C.landll

D.land lll

National Science and Mathematics Olympiad
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3- The diagram shows blood circulation in a Fish. (1: gill circulation, 2: gill capillaries, 3:

body capillaries, 4: systemic circulation)

(Modified from Betts et al., 2022)

Which of the Following statements are correct?
l. P is a ventricle of the heart.
Il.Blood in Q is oxygenated.
lll.Ris a vein.
IV.Blood pressurein Sis higher thanin R.
A landll
B.land IV
C.lland Il

D.llland IV
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Answer Keys for Exercises and the Mock Exam

Exercises
B 18 B 1
D 19 B 2
E 20 C 3
C 21 A 4
D 22 D 5
A 23 B 6
D 24 C 7
A 25 A 8
B 26 D 9
D 27 C 10
C 28 B 1
D 29 B 12
B 30 C 13
C 14
D 15
C 16
A 17

Mock Exam

Answers Questions
B 1
C 2
D 3
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Llntroduction to Botany: 8

Botany is one of the major branches of the biological sciences and is concerned with the
study of plants in terms of their structure, functions, genetics, environment, and
evolution. Plants constitute the primary producers in most terrestrial and marine
ecosystems, as they convert solar energy into chemical energy through photosynthesis.
This process provides the organic compounds and oxygen essential For the survival of
most Forms of life on Earth. Modern botany is not limited to describing or morphologically
classifying plants; rather, it integrates molecular biology, biochemistry, genomics, and
ecology to understand the mechanisms that regulate growth, development, and
adaptation. At the cellular level, botanists study processes such as cell wall synthesis,
plant hormone signaling, and metabolic pathways related to growth and responses to
environmental stresses. On a broader scale, botany examines plant diversity,
evolutionary relationships among species,and the ecological interactions that determine
species distribution and success. The importance of these studies continues to grow

considering rapid climate change, habitat loss,and the increasing global demand for Food.
LObjectives 8

1. To understand the hierarchical organization of plants, including the structure and
Function of organs, tissues, and cells.

2. To identify the different types of meristems and explain how each contributes to
primary and secondary growth.

3. To describe the mechanisms and outcomes of primary growth, fFocusing on how it
extends the length of roots and shoots.

4. Toanalyze the process of secondary growth and its role in increasing the thickness of
stems and roots in woody plants.

5. To explain how growth, morphogenesis, and cell differentiation interact to form the
complete plant body.

6. To relate meristem activity to overall plant Form and developmental patterns.

7. To compare primary vs. secondary tissues and understand how each supports plant

structure and Function.

National Science and Mathematics Olympiad
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The structure, growth, and formation of vascular
plants
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Plants have a hierarchical organization consisting of organs, tissues,

and cells:

e Plants, like most animals, are composed of cells, tissues, and organs.
e Asyou learn about each level of plant organization, keep in mind how natural
selection has produced plant Forms suited to their functions at all levels of

organization.

u' Basic Vascular Plant Organs: Roots, Stems, and Leaves.

The basic Form of vascular plants reflects their evolutionary history as organisms that
live on land (terrestrial). These organs form a root

system and a shoot system, the latter consisting of

stems and leaves (see figure). Vascular plants Reproductive shoot (flower)-

Apical bud ————— .
B

A
&

. e

depend on both systems For survival

Node

2 Roots: Internode ,6‘: ‘

A root is the organ that anchors a vascular plant in

Shoot
system

the soil, absorbs minerals and water, and often
stores carbohydrates and other reserves. _eaf{
The primary root, which originates in the seed
embryo, is the first organ to emerge from a
germinating seed. It soon branches to form lateral

Root
system

roots (as shown in the Figure).

Tall, erect plants with large shoot masses

generally have a taproot system, consisting of one

Figure 45 An overview of a flowering plant

main vertical root, the taproot, which typically

develops From the primary root.

Small vascular plants are particularly vulnerable to grazing animals that can uproot and
kill them. Such plants are more securely anchored by a fFibrous root system, a dense mat
of thin roots spreading just below the soil surface.

Most root systems also form mycorrhizal associations, symbiotic interactions with soil
Fungi that enhance the plant’s ability to absorb minerals.

The roots of many plants are adapted to perform specialized functions (see Figure).
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Most root systems also fForm mycorrhizal associations, which are symbiotic interactions

with soil Fungi that enhance the plant's

ability to absorb minerals.

The roots of many plants are also adapted to perform specialized Functions.

| Figure 47 Pneumatophores |

Figure 49 Buttress roots ‘

Figure 50 Root hairs

Figure 48 Storage roots

®' Stems

A stem is a plant organ that bears leaves and buds. Its main function is to elongate and

orient the shoot in a way that maximizes photosynthesis by the leaves. Another

Function of stems is to elevate reproductive structures, thereby facilitating the

dispersal of pollen and fruit. Green stems may also carry out a limited amount of

photosynthesis. Some plant stems perform alternative Functions, such as food storage

or asexual reproduction. Many of these modified stems are often mistaken for roots,

including rhizomes, tubers, and stolons

N\

)2 \. Rhizome
¥ /
/" ; A

Root

Figure 51 modified stems
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m' Leaves
In most vascular plants, the leaf is the main organ of photosynthesis. In addition to
intercepting light, leaves exchange gases with the atmosphere, dissipate heat, and
defend themselves from herbivores and pathogens. These functions may sometimes
have conflicted physiological, anatomical, or morphological requirements. For example:
A dense covering of hairs may help deter herbivorous insects but can also trap air near
the leaf surface, reducing gas exchange and thus photosynthesis. In general, a leaf
consists of a flattened blade and a stalk, the petiole, which attaches the leaf to the stem
at a node.
Monocots and eudicots differ in the arrangement of veins (the leaf's vascular tissues).
Almost all leaves are specialized for photosynthesis; however, some species have leaves
with adaptations that enable them to perform additional Functions, such as support,

protection, storage, or reproduction.

Simple leaf

A simple leaf has a single,
undivided blade. Some
simple leaves are deeply
lobed, as shown here.

Axillary

B Petiole

’ Leaflet
In a compound leaf, the ‘
blade consists of multiple ‘
leaflets. A leaflet has no axillary
bud at its base. In some plants,
each leaflet is further divided
into smaller leaflets.
nglary < jPetiole .

Spines
Compound leaf

Tendrils

Storage Leaves

Figure 52 adaptations of leaves | | Figure 53 Simple versus compound leaves |

National Science and Mathematics Olympiad

LDermal, Vascular, and Ground Tissues

All three basic organs of vascular plants — roots, stems, and leaves — are composed of
three Fundamental tissue types: dermal tissue, vascular tissue, and ground tissue.

Each of these general types forms a continuous tissue system throughout the plant,
connecting all organs. The arrangement and location of these tissues vary from one

organ to another.

e
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' The three tissue systems

Dermal Tissue Vascular Tissue Ground Tissue

The ground tissue system,

) The vascular tissue which is responsible for
The dermal tissue . )
] system, which transports most of the metabolic
system provides a ) ) )
) materials between Functions, is located
protective cover for the )
) the root and shoot between the dermal tissue
entire body of a plant. ) )
systems and the vascular tissuein
each organ

tissue

Ground
tissue Vascular
tissue

Figure 54. The three tissue systems in plants
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5’ Common Types of Plant Cells

Parenchyma Cells
Mature parenchyma cells have primary walls that are relatively
AR
v'#!
G005

se¥;

parenchyma cells generally have a large central vacuole.

" Parenchyma cells perform most of the metabolic Functions of

4

the plant, synthesizing and storing various organic products. For

example, photosynthesis occurs within the chloroplasts of

Figure 55. Parenchyma cells

parenchyma cells in the leaf. Some parenchyma cells in stems

and roots have colorless plastids that store starch. Most parenchyma cells retain the
ability to divide and differentiate into other types of plant cells

Collenchyma Cells
o' ] =%

¥ Grouped in strands, collenchyma cells (seen here in cross section)
help support young parts of the plant shoot. Collenchyma cells

Jare generally elongated cells that have thicker primary walls than

k

[Figure 56. Collenchyma cells | Young stems and petioles often have strands of collenchyma

cells just below their epidermis. Collenchyma cells provide
Flexible support without restraining growth. At maturity, these cells are living and

Flexible, elongating with the stems and leaves they support

Sclerenchyma Cells

Sclerenchyma cells also function as supporting elements

in the plant but are much more rigid than collenchyma
cells. In sclerenchyma cells, the secondary cell wall is thick
and contains large amounts of lignin a relatively
indigestible strengthening polymer that occur in regions

Figure57_5c|erenchymaCe” of the plant that have stopped growing in length.

Sclerenchyma cells are so specialized For support that

many are dead at functional maturity. There are Two types of sclerenchyma cells,
known as sclereids and Fibers. Sclereids impart the hardness to nutshells and seed
coats, Fibers, which are usually grouped in strands, are long, slender, and tapered. Some
are used commercially, such as hemp fibers for making rope and flax Fibers For weaving

into linen.
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Water-Conducting Cells of the Xylem

Tacheids There are two types of water-conducting cells:

tracheids and vessel elements. These are
elongated, tubular, dead, and lignified cells at
Functional maturity.

Tracheid's occur in all vascular plants, whereas in

most angiosperms and some gymnosperms, vessel

Tracheids and vessels
(colorized SEM) Perforation-

plate

elements are present in addition to tracheids.
Tracheids and vessel elements form non-living

Vessel
element

channels through which water Flows. The

Vessel elements, with
perforated end walls
Tracheids

secondary walls of tracheids and vessel elements

P EHIBE B | oftenintersect through pits, which are thin regions

that allow water to move laterally. The secondary walls of tracheids and vessel
elements are reinforced with lignin, which provides structural support and protects

them From collapsing under the tension generated during water transport.

Sugar-Conducting Cells of the Phloem

Phloem cells transport sugars and other nutrients

Sieve-tube <=
elements

through long, narrow cells called sieve tubes, which are

Plasmodesma

composed of chains of cells known as sieve-tube

Sieve\ elements. Although sieve-tube elements are living cells,

plate

they lack a nucleus, ribosomes, and a large central

Nucleus of
companion

cell vacuole. This reduction in cellular contents allows

nutrients to pass through more easily. The end walls

between sieve-tube elements, known as sieve plates,
Figure 59. Cells of the Phloem

contain pores that facilitate the Flow of sap From one
cell to the next. Adjacent to each sieve-tube element are non-conducting cells called

companion cells, which assist in loading sugars into the sieve tube.
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i’ Different meristems generate new cells For primary and secondary growth

The main difference between plants and most animals is

4 Apical bud

that plant growth is not limited to the embryonic period. (0 ——Bud scale

Instead, growth occurs throughout the plant’s lifetime, a

This year’s growth

process known as indeterminate growth. Plants can v«

continue to grow because they possess undifferentiated

One-year-old
branch formed
from axillary bud
near shoot tip

tissues called meristems, which contain cells capable of

Last year's growth

division, producing new cells that elongate and become  (woyearsold)
differentiated. There are two main types of meristems:

apical meristems (located at the tips of roots and shoots)
Growth of two

and lateral meristems (responsible for thickening  Y@s2%©

(three years old)

growth). Primary growth allows roots to extend

throughout the soil and shoots to grow upward, Figure 60. Three years' growth in a winter twig

increasing their exposure to light.

All vascular plants have primary growth: growth in length. Woody plants also have secondary growth:
growth in thickness. As you study the diagrams, visualize how shoots and roots grow longer and thicker.

( Overview Shoct apwal ( Primary Growth (growth in length) Apical meristem cells in a
meristem Cutaway view ; 5 o s shoot tip or root tip are
Primary growth of primayry growth Leafp/nqrdla g;fill;l\:rlz?iztlenmgq undifferentiated. When they
(growth in length) in a shoot tip divide, some daughter cells

is made possible by

apical meristems at

Daughter cell in remain in the apical

Shoot apical meristem primary meristem v meristem, ensuring a

the tips of shoots : y | Cell division in continuing population of
and roots. Primary meristems primary meristem undifferentiated cells. Other
; ; Yy daughter cells become partly
Growing cells in —+ : . .
Sabhe differentiated as primary
Secondary growth prmary I meristem cells. After dividing

Lateral Mature tissues I
meristems |
a § Dermal Ground | Vascular

o A root apical meristem is protected

by a thimble-like root cap. Draw and
Root apical label a simple outline of a root divided
meristem into four sections: root cap (at the
bottom), root apical meristem, primary
meristems, and mature tissues.

(growth in thickness)
is made possible by
two lateral meristems
extending along the
length of a shoot or
root where primary
growth has ceased.

Differentiated cells and growing in length, they
(for example, \@ become fully differentiated
vessel elements) cells in the mature tissues.

Youngest
differentiated  The addition

cellsEi e of elongated,
S differentiated
Older cells lengthens
differentiated  a stem or root.
cells

Time
—_—

—— Growth——>

Figure 61. Visualizing Primary Growth in plant
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( Secondary Growth (growth in thickness)

Vascular cambium %

“\Cork cambium

—pe ——i
@ Cell % Cell

division growth

©

The lateral meristems,
called the vascular
cambium and cork
cambium, are cylinders
of dividing cells that
are one cell thick.

Increased circumference:
When a cambium cell
divides, sometimes both
daughter cells remain in
the cambium and grow,
increasing the cambium
circumference.

; ‘;) S &
Vascular cambium cell\

Il wlyui@ 1

Youngest
xylem cell

Oldest
xylem cell

Completed primary growth
- ==~ and cork cambium become

Direction of secondary growth
-— >

Youngest
phloem cell

m }uumjmﬂ;mm%‘ i

Addition of secondary xylem
and phloem cells: When a
vascular cambium cell divides,
sometimes one daughter cell
becomes a secondary xylem cell
(X) to the inside of the cambium
or a secondary phloem cell (P) to
the outside. Although xylem and
phloem cells are shown being
added equally here, usually many

more xylem cells are produced.

Time

Addition of cork cells:

When a cork cambium cell
divides, sometimes one daughter
cell becomes a cork cell (C) to
the outside of the cambium

Time

When the vascular cambium

active in a stem or root,
primary growth has ceased
in that area.

Cork cambium cell

A stem or root
thickens as
secondary xylem,
Cork > secondary phloem,
cells and cork cells are
added. Most of the
+ cells are secondary
xylem (wood).

===~

~

,

Oldest
phloem cell

Direction of secondary growth

Vascular cambium cell

Direction of secondary growth

Cork cambium cell

o Show the sequence of secondary growth

by drawing the row of cells from the
boxed area below and labeling the
vascular cambium cell (V), 5 xylem cells
from oldest (X1) to youngest (X5), and

3 phloem cells (P1 to P3). Show what
happens after growth continues by
drawing and labeling a row with twice as
many xylem and phloem cells. How does
the vascular cambium'’s location change?

[ v—

| Figure 62. Visualizing secondary Growth in plant |

m

s’ Primary Growth of roots

Primary growth lengthens roots and shoots

Cortex Vascular cylinder

Epidermis

The entire biomass of a primary root is derived from

Root hair

the root apical meristem. The root apical meristem

also makes a thimble-like root cap, which protects

the delicate apical meristem as the root pushes
through the abrasive soil. Growth occurs just
behind the tip in three overlapping zones of cells at

successive stages of primary growth. These are:

e The zones of cell division
e The zone of elongation
e The zone of differentiation

5’ Root Growth and Anatomy

~ Zone of
differentiation

Primary meristems
(elongating, partly
differentiated cells) Zone of
A elongation
Protoderm
Ground
meristem
Procambium Zone of cell
division
} ) (including
Root apical meristem apical
(undifferentiated cells) meristem)

Root cap

Key
to labels

Dermal
Ground

B Vascular

Figure 63. primary growth of a eudicot root

e Root hairs are the most prominent Feature of the root

epidermis.
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e The cortex is the region between the vascular tissues and the epidermis, and it is

composed mainly of parenchyma cells.

e The endodermis acts as a selective barrier that regulates the passage of substances

From the soil into the vascular cylinder.

e The procambium gives rise to the vascular cylinder, which consists of a solid core of

xylem and phloem tissues surrounded by a single layer of cells called the pericycle.

Lateral (branch) roots originate from the meristematic regions of the pericycle, which

is the outermost cell layer of the vascular cylinder, located just inside and adjacent to

the endodermis, The emerging lateral roots grow destructively through the outer

tissues until they emerge from the established root.

Epidermis
Cortex
Endodermis

Vascular
cylinder

Pericycle
Xylem

Phloem

(a) Root with xylem and phloem in the center (typical
of eudicots). In the roots of typical gymnosperms and
eudicots, as well as some monocots, the stele is a
vascular cylinder appearing in cross section as a lobed
core of xylem with phloem between the lobes.

Endodermis Key
Pericycle to labels
Dermal
Ground
Vascular

_—
70 um

Epidermis

Cortex

Endodermis

Vascular
cylinder

Pericycle

Core of
parenchyma
cells

Xylem
Phloem

(b) Root with parenchyma in the center (typical of
monocots). The stele of many monocot roots
is a vascular cylinder with a core of parenchyma
surrounded by a ring of xylem and a ring of phloem.

Figure 64. The internal structure of the root in monocots and dicots7
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#' Primary Growth of Shoots:

The entire primary shoot biomass—including all its The shoot tip. Leaf primordia arise from the
flanks of the dome of the apical meristem. This is a longitudinal section
of the shoot tip of Coleus (LM).

leaves and stems—is derived From the shoot apical

Leaf primordi.

meristem, a dome-shaped mass of dividing cells
Young leaf
located at the tip of the stem (see Figure). Branching

Shoot apical
meristem

of shoots, which is also part of primary growth, arises

Protoderm

From the activation of axillary buds, each of which

Procambium

meristem

contains its own apical meristem. Due to chemical { i AR == Ground

signaling through plant hormones, the closer an o

meristems

axillary bud is to an active apical bud, the more it is

inhibited—a phenomenon known as aplcal |Figure 65. A longitudinal section of the shoot tip

dominance.

u' Stem Growth and Anatomy
The stem is covered by an epidermis, usually one cell layer thick, and coated with a waxy
cuticle that prevents water loss. Examples of specialized epidermal cells in the stem
include protective cells and trichomes (glandular hairs or outgrowths fFound on the stems
and leaves of many plants). The ground tissue of stems consists mainly of parenchyma
cells. Collenchyma cells, located just beneath the epidermis, provide support for many
stems during primary growth. Sclerenchyma cells, particularly Fiber cells, also contribute
to support in regions of the stem that are no longer elongating. The vascular tissues

extend along the stem in distinct vascular bundles.

Phicem  Xylem

Sclerenchyma
(fiber cells)

Ground tissue
connecting

pith to cortex
Ground

tissue

Pith

Epidermis —
Vascular ul
bundle bundles bt

1mm
(a) Cross section of stem with vascular bundles forming a (b) Cross section of stem with scattered vascular bundles
ring (typical of eudicots). Ground tissue toward the Dermal (typical of monocots). In such an arrangement, ground tissue is
inside is called pith, and ground tissue toward the outside is Ground not partitioned into pith and cortex (LM).
called cortex (LM) Vascdar

Figure 66. The stem structure in monocots and dicots
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e The epidermis of a leaf is covered by a waxy cuticle, except in areas where stomata

are present. These stomata allow the exchange of carbon dioxide (CO,) and oxygen

(O,) between the surrounding air and the photosynthetic cells inside the leaf. In

addition to regulating the uptake of carbon dioxide for photosynthesis, the stomata

are also the primary pathways for water vapor loss (transpiration). And they

surrounded by two specialized epidermal cells known as guard cells.

e The ground tissue of the leaf, called the mesophyll (literally “middle leaf"), is located

between the upper and lower epidermal layers. And differentiated into two distinct

layers:

o The palisade mesophyll consists of one or more layers of elongated parenchyma

cells located in the upper part of the leaf.

o The spongy mesophyll lies beneath the palisade layer and is made up of loosely

arranged parenchyma cells with intercellular air spaces through which CO; and O;

circulate around the cells and up to the palisade region.
e The vascular tissues of each leaf are connected to those of the stem.
e The veins branch repeatedly and spread throughout the mesophyll, Forming a

network that brings the xylem and phloem into close contact with the

photosynthetic tissue. Through this network, the xylem supplies water and minerals,

while the phloem

e cel\s @ ".' 3 ; -
transports sugars e o /L\
and other organic . » | Ep}.derma. | ool }\ j . u\‘-
Cuticle Sclerenchyma ce
{

Vascular fibers

Upper
epidermis

< Stoma (b) Surface view of a spiderwort
products to other = / / radescanti leaf (L

parts of the plant.

Palisade .
mesophyl ——\ B §

Spongy
mesophyll

CH deemi\%" .81
sz. [precTRy

Xylem
Phloem

(a) Cutaway drawing of leaf tissues cells (c) Cross section of a lilac
(Syringa) leaf (LM)

Figure 67. Leaf anatomy
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' Secondary growth increases the diameter of stems and roots in woody plants

All gymnosperms and many eudicot species undergo secondary growth, but it is

uncommon in monocots. This type of growth occurs in the stems and roots of woody

plants, but only rarely in leaves. Secondary growth consists of tissues produced by the

vascular cambium and the cork cambium.

Primary and secondary growth
of a woody stem.

Epidermis——

Pith

Primary xylem

Vascular cambium Epidermis
Primary phloem  Cortex

Cortex -

Primary
phloem

Vascular

cambium e

Primary ot -
xylem G;( 7

€© Vascular

Pith

Secondary xylem

Vascular cambium
o Secondary phloem
Primary phloem
First cork cambium

Periderm——
(mainly cork it /;6
cambia GO N
and cork) Y
Primary——
phloem |
Secondary— i
phloem E Secondary
Vascular— Xylem (Do
cambium yeapsal
production) €
Secondary— Vascular cambium
xylem ‘ ﬂ Secondary phloem ©Bark
Primary—"T| l @ Most recent © Layers of
xylem cork cambium Cork periderm
Pith

@ Primary growth from the activity of the
apical meristem is nearing completion.
The vascular cambium has just formed.

GAlthough primary growth continues in
the apical bud, only secondary growth
occurs in this region. The stem thickens
as the vascular cambium forms
secondary xylem to the ins' .e and
secondary phloem to the ¢ Jtside.

e Some stem cells of the v scular cambium
give rise to vascular rays

OAS the vascular cambiun ‘s diameter
increases, the secondary >hloem and
other tissues external to he cambium
can't keep pace because heir cells no
longer divide. As a result, ‘hese
tissues, including the epid rmis, will
eventually rupture. A secoi.d lateral
meristem, the cork cambium, develops
from parenchyma cells in the cortex.
The cork cambium produces cork cells,
which replace the epidermis.

© In year 2 of secondary growth, the vascular
cambium produces more secondary xylem
and phloem. Most of the thickening is
from secondary xylem. Meanwhile, the
cork cambium produces more cork.

G As the stem’s diameter increases, the
outermost tissues exterior to the cork
cambium rupture and are sloughed off.

on many cases, the cork cambium
re-forms deeper in the cortex. When
none of the cortex is left, the cambium
develops from phloem parenchyma cells.

Q Each cork cambium and the tissues it
produces form a layer of periderm.

Q Bark consists of all tissues exterior to
the vascular cambium.

Figure 68. primary and secondary growth of a woody stem.
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i’ Genetic Control of Flowering:

Flower formation involves a phase change from vegetative growth to reproductive
growth. This transformation is triggered by a combination of environmental signals, such
as day length, and internal signals, such as hormones. The transition from vegetative
growth to flowering is associated with the switching on of floral meristem identity genes.
The protein products of these genes are transcription Factors that regulate other genes
required to transform indeterminate vegetative meristems into determinate Floral
meristems.

These Floral organs are arranged in four concentric whorls, which can be described as

roughly circular layers when viewed from above.

The ABC hypothesis for the functioning of organ identity genes
in flower development.

(a) A schematic diagram of the ABC hypothesis. Three classes of organ identity
genes are responsible for the spatial pattern of floral parts. These genes, designated
A, B, and C, regulate expression of
other genes responsible for
development of sepals, petals,
stamens, and carpels.

Carpels develop

where only C genes ——————>
are expressed. Carpel

Stamens develop
where both B and C

genes are expressed. 7
v 4
Petals develop Stamen
where both A and B
genes are expressed. Sepal
Sepals develop
where only A genes
are expressed.
Stamen Carpel
Petal
Sepal
Wwild type Mutant with A gene suppressed Mutant with B gene suppressed Mutant with C gene suppressed
(only carpels and stamens) (only sepals and carpels) (only sepals and petals)

(b) Side view of wild type flower and flowers with organ identity mutations. The phenotype of mutants lacking a
functional A, B, or C organ identity gene can be explained by the model in part (a) and the observation that if either the
A gene or C gene is suppressed, the other gene is expressed in that whorl. For example, if the A gene is suppressed in a
mutant, the C gene is expressed where the A gene would normally be expressed. Therefore, carpels (C gene expressed)
develop in the outermost whorl, and stamens (8 and C genes expressed) develop in the next whorl.

Figure 69. The ABC hypothesis for the functioning of organ identity genes in flower development.
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Chapter Two

Acquisition and Transport of Resources in
Vascular Plants
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u' Adaptations For acquiring resources were key steps in the evolution of vascular
plants:

Most plants grow in soil and therefore live in two worlds: above ground, where the shoot
system acquires sunlight and carbon dioxide (CO,), and below ground, where the roots
absorb water and minerals. The Following Figure provides an overview of resource

acquisition and transport in an actively photosynthesizing plant

In photosynthesis, CO, is taken up and O, released Sugars are produced by
through the stomata of leaves and green stems. / photosynthesis in the leaves.

Transpiration, the loss

RO A R Light
of water from leaves FPT ™ S ¥ ‘
(mostly through stomata), |——————2 < ¥ A ﬁ

creates a force within leaves
that pulls xylem sap upward.

Phloem sap can flow both ways
between shoots and roots. It
moves from sites of sugar
production (usually leaves) or
storage (usually roots) to sites of
sugar use or storage.

Water and minerals are
transported upward from
roots to shoots as xylem sap. |

e e,

Water and mineralsin|  / ‘2 ang ; TN 9% "In cellular respiration, root cells
the soil are absorbed minerals exchange gases with the air spaces of

by roots. soil, taking in O, and discharging CO,.

figure 70. An overview of resource acquisition and transport in a vascular plant

EAdaptations of roots and leaves for resource acquisition i!

Root Architecture and Acquisition of

Shoot Architecture and Light Capture

Water and Minerals:

1. Modification in root structure and

1. Variation in branching patterns
composition.

2. Diversity in leaf size and structure
2.Beneficial relationships with

3. Leaf arrangement on the stem
microorganisms
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i’ Different mechanisms transport substances over short or long distances:

u' Short-Distance transport of Water across Plasma membranes
Absorption orloss of water by a cell occurs through osmosis, the diffusion of fFree water—
that is, water not bound to solutes or surfaces—across a membrane.
The physical property that predicts the direction of water movement is called water
potential (V). It is a quantity that combines the effects of solute concentration and
physical pressure.
Free water moves from regions of higher water potential (higher W) to regions of lower
water potential (lower W), provided there is no barrier to its Flow.
Water potential is abbreviated by the Greek letter W (psi). Plant biologists measure Win a
pressure unit called the megapascal (MPa).
By definition, the W of pure water in an open container exposed to the atmosphere under
standard conditions (at sea level and room temperature) is O MPa.
Let us now consider how water potential (¥) affects the absorption and loss of water by
a living plant cell.
First, imagine a flaccid (limp) cell that has lost water. In this case, the cell's pressure
potential (WP) is 0 MPa. Suppose this Flaccid cell is immersed in a solution with a higher
solute concentration than that inside the cell (Figure a).
Because the external solution has a lower (more negative) water potential, water diffuses
out of the cell,and the protoplast of the cell undergoes plasmolysis—that s, it shrinks and
pulls away from the cell wall.
If the same Flaccid cell is placed in pure water (¥ = 0 MPa) (Figure b), the cell, which
contains solutes, has a lower water potential than pure water. As a result, water enters
the cell by osmosis. The contents of the cell begin to swell, pressing the plasma
membrane against the cell wall. The partially elastic wall exerts a turgor pressure (WP)
that confines the swollen protoplast. When this turgor pressure is sufficient to balance
the tendency of water to enter because of the solutes in the cell, then WP and WS are

equal in magnitude but opposite in sign, making ¥ = 0.
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/—\ X /’\

Environment Environment
Initial flaccid cell: 0.4 M sucrose solution: Initial flaccid cell: Pure water:
Y= 0 Pe= 0 We= 0 Yp=0
W= 0.7 We=—0.9 We=—07 =0
¥ =-0.7 MPa ¥ =-0.9 MPa ¥ =-0.7 MPa ¥ =0 MPa
N ,
4
Final plasmolyzed cell \ — Final turgid cell —_— x ’/
at osmotic equilibrium 7 N at osmotic equilibrium
with its surroundings: - RN with its surroundings: |l
W= 0 Z\Q W= 0.7 O}f
V. =-09 ’/ S We=-0.7 7
¥ =-0.9 MPa ¥ = 0MPa
(a) Initial conditions: cellular ¥ > environmental W¥. The (b) Initial conditions: cellular ¥ < environmental . There is a
protoplast loses water, and the cell plasmolyzes. After net uptake of water by osmoasis, causing the cell to become
plasmolysis is complete, the water potentials of the cell turgid. When this tendency for water to enter is offset by the
and its surroundings are the same. back pressure of the elastic wall, water potentials are equal for
the cell and its surroundings. (The volume change of the cell is
exaggerated in this diagram.)
Figure 71. The effect of water potential on the absorption and loss of water by a living plant cell
° ope o . .
LAquaporlns: Facilitating Diffusion of Water: i!

Differences in water potential (V) determine the direction of water movement across
membranes — but how do water molecules cross membranes?

Water molecules are small enough to diffuse through the phospholipid bilayer, even
though the inner region of the bilayer is hydrophobic. However, their movement across
biological membranes is too rapid to be explained by unaided diffusion alone. Transport
proteins called aquaporins Facilitate the movement of water molecules across the
plasma membranes of plant cells. Aquaporin channels, which can open and close, regulate
the rate of osmotic water movement across the membrane. This permeability decreases

when there is an increase in cytosolic Ca®* concentration or a decrease in cytosolic pH.

s’ The apoplast and Symplast: transport Continuums:

Plasmodesmata m Apoplast

. . . onsists of rything external to
the cytoplasmic consists of the entire <™ everything extern

the plasma membranes of livin
channels that connect  mass of cytosol of all P 9

- . cells, including the cell walls,
these cells to one the living cellsin a g

extracellular spaces, and the
another. plant, P

interiors of dead cells, such as
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xylem vessel elements and

tracheids.

The apoplast is Cell wall

the continuum . )
of cell walls and —= - Apoplastic route

extracellular
spaces. Cytosol

P Symplastic route

- = Transmembrane route

The symplast is the
continuum of
cytosol connected

by plasmodesmata. Key
Plasmodesma

Plasma membrane Apoplast

Symplast

figure 72. Cell compartments and routes for short-distance transport

=’ Long-Distance transport: the role of Bulk Flow:
Long-distance transport occurs through bulk flow, which is the movement of a fluid in
response to a pressure gradient. Bulk fFlow of substances always occurs from regions of
higher pressure to regions of lower pressure. Unlike osmosis, bulk Flow is independent of
solute concentration. Bulk fFlow over long distances take place within the specialized cells
of the vascular tissues — the tracheid's and vessel elements of the xylem, and the sieve-
tube elements of the phloem.

' Transpiration drives the transport of water and minerals from roots to shoots

via the xylem:

' The absorption and transport of water and minerals through the xylem occur in

three stages

. Transport of Water .
Absorption of Water and Bulk Flow transport via the

and minerals into the
minerals by root Cells Xylem
Xylem

1. Pushing Xylem Sap: Root

) Pressure
1. Osmosis 1.Symplast.

2. Pulling Xylem Sap: The
2. Active Transport 2. Apoplast

Cohesion-Tension
Hypothesis.
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Casparian strip

Pathway along Endodermal cell

apoplast

iy =
Pathway ‘ 4 L== 72 Water

moves
through 2 e upward
symplast in vascular
cylinder
Plasmodesmata

© Apoplastic route. Uptake
of soil solution by the
hydrophilic walls of root hairs
provides access to the apoplast.
Water and minerals can then
diffuse into the cortex along
this matrix of walls and
extracellular spaces. ) Apoplastic

route

QSympIastic route. Minerals o

and water that cross the

plasma membranes of root e

hairs can enter the symplast.

Symplasti

9 Transmembrane route. As Toute

soil solution moves along the
apoplast, some water and

minerals are transported into
the protoplasts of cells of the

epidermis and cortex and then Epldevms\ EndOdGWIS , \(/alfl:glear’
move inward via the symplast. Y
Cortex (stele)

@ The endodermis: controlled entry to the vascular cylinder (stele).
Within the transverse and radial walls of each endodermal cell is the Casparian
strip, a belt of waxy material (purple band) that blocks the passage of water
and dissolved minerals. Only minerals already in the symplast or entering that
pathway by crossing the plasma membrane of an endodermal cell can detour
around the Casparian strip and pass into the vascular cylinder (stele).

© Transport in the xylem. Endodermal cells and also
living cells within the vascular cylinder discharge water
and minerals into their walls (apoplast). The xylem
vessels then transport the water and minerals by bulk
flow upward into the shoot system.

Figure 73. Transport of water and minerals from root hairs to the xylem

s’ Ascent of xylem sap
Ascent of xylem sap. Hydrogen bonding forms an unbroken chain of water molecules
extending from leaves to the soil. The force driving the ascent of xylem sap is a gradient
of water potential (¥). For bulk flow over long distance, the W gradient is due mainly to a

gradient of the pressure potential (‘WP). Transpiration results in the WP at the leaf end of

the xylem being lower than the WP at the root end.
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- Xylem
sap
Outside air ¥ "> Mesophyll
=-100.0 MPa cells
—Stoma
Leaf W (air spaces) e
= -7.0 MPa i
molecule
Leaf W (cell walls) Atmosphere
=-1.0 MPa
Adhesion
by hydrogen

Xylem
cells

Trunk xylem ¥
=-0.8 MPa

ollld

<, Cohesion and
°1 adhesion in
%, the xylem

@
7
o |
Trunk xylem ¥ (]
= -0.6 MPa *h
ey W e
=-0.3 MPa | | IQ/-
Water uptake
from soil

figure 74. Ascent of xylem sap |

The rate of transpiration is regulated by stomata
e Stomata: major Pathways for Water Loss
e Mechanisms of Stomatal opening and Closing

e Stimuli for Stomatal opening and Closing
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Guard cells turgid/Stoma open  Guard cells flaccid/Stoma closed  Guard cells turgid/Stoma open  Guard cells flaccid/Stoma closed

Radially oriented
cellulose microfibrils

Chloroplast ~ Guard cell

(a) Changes in guard cell shape and stomatal opening and closing (surface

view). Guard cells of a typical angiosperm are illustrated in their turgid (b) Role of potassium ions (K+) in stomatal opening and closing. The transport
(stoma open) and accid (stoma closed) states. The radial orientation of of K+ (symbolized here as red dots) across the plasma membrane and vacuolar
cellulose micro-brils in the cell walls causes the guard cells to increase more membrane causes the turgor changes of guard cells. The uptake of anions,

in length than width when turgor increases. Since the two guard cells are such as malate and chloride ions (not shown), also contributes to guard cell
tightly joined at their tips, they bow outward when turgid, causing the swelling.

stomatal pore to open.

figure 75. Mechanisms of stomatal opening and closing

LAdaptations that reduce Evaporative Water Loss: i!

Xerophytes have unusual physiological or morpho logical adaptations that enable them
to withstand harsh desert conditions. The stems of many xerophytes are Fleshy because
they store water For use during long dry periods. Cacti have highly reduced leaves that
resist excessive water loss; photo synthesis is carried out mainly in their stems. Another
adaptation common in arid habitats is crassulacean acid metabolism (CAM), a specialized
Form of photosynthesis Found in succulent's plants. Because the leaves of CAM plants
take in CO2

at night, the stomata can remain closed during the day, when evaporative stresses are

greatest.

m' Sugars are transported from sources to sinks via the phloem:

#' Sugaris transported through the phloem in two stages

The uptake of water from the xylem
1. Symplast

into the phloem generates a
2. Apoplast . L
positive pressure within the phloem

3. Active transport
elements.

93
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/Mesophyll cell
.‘/Cell walls (apoplast) (transfer) cell element
)\ _Plasma membrane
Plasmodesmata

y &

> \'T:V
Bundle- Phloem
Mesophyll cell  sheath cell parenchyma cell

(a) Sucrose manufactured in mesophyll cells can travel via
the symplast (blue arrows) to sieve-tube elements. In
some species, sucrose exits the symplast near sieve
tubes and travels through the apoplast (red arrow). It is
then actively accumulated from the apoplast by
sieve-tube elements and their companion cells.

mpanion  Sieve-tube

Minlstry of Education

High H* concentration

Cotransporter
Proton

@ @ ASucrose

Low H* concentration

(b) A chemiosmotic mechanism is responsible for the
active transport of sucrose into companion cells and
sieve-tube elements. Proton pumps generate an H*
gradient, which drives sucrose accumulation with the
help of a cotransport protein that couples sucrose
transport to the diffusion of H* back into the cell.

figure 76. Loading of sucrose into phloem.

1
: |
essel ‘ I| leve tube\ | (leaf) @ Loading of sugar (green
‘ lem) || (phloer.n)ll || dots) into the sieve
®o’a ® ol 1 tube at the source (in

this example, a mesophyll
| cellin a leaf) reduces
/ water potential inside the
sieve-tube elements. This
causes the tube to take
up water by osmosis.

@ This uptake of water
° generates a positive
pressure that forces
the sap to flow along
A the tube.

9 The pressure is relieved
by the unloading of
sugar and the
consequent loss of
water at the sink.

@ Sink cell
® | (storage
o | root)

Bulk flow by negative pressure

oln leaf-to-root
translocation, xylem
recycles water from
sink to source.

fFigure 77. Bulk flow by positive pressure in a sieve tube.
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Chapter Three

Soil and Plant Nutrition
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LSoil contains a living, complex ecosystem i!
The upper layers of the soil, From which plants absorb nearly all the water and minerals
they require, contain a wide range of living organisms that interact with each other and
with the physical environment.

LEssential elements: i!
The inorganic substances in plants contain more than 50 chemical elements. When
studying the chemical composition of plants, it is important to distinguish between
essential elements and those that are merely present in the plant. A chemical element is
considered an essential element only if it is required for the plant to complete its life

cycle and reproduce.

NOs .

. Crinklin
Mottling
) g of ) slow )
o Chlorosis  of older Chlorosi chlorosi
Symptom(s) Wwilting, . young develop .
. Poor Poor at tips of leaves S sin
of nutrient poor leaves; -ment;
o growth  growth older weak between . young
Deficiencies growth death of ) thin
leaves stems; . veins leaves
terminal stems
roots
buds

=’ Plant nutrition often involves relationships with other organisms:
Up to this point, we have described plants as exploiters of soil resources, but the
relationship between plants and soil is a two-way relationship. Dead plants provide much
of the energy needed by bacteria and fungi living in the soil. Many of these organisms
also benefit from the sugar-rich secretions produced by living roots. At the same time,
plants benefit from their associations with soil bacteria and Fungi.

' The roles of soil bacteria in the nitrogen nutrition of plants:
Ammonium is made available to plants by two types of soil bacteria: those that Fix
atmospheric N2 (nitrogen-fixing bacteria) and those that decompose organic material
(@ammonifying bacteria). Although plants absorb some ammonium from the soil, they

absorb mainly nitrate, which is produced from ammonium by nitrifying bacteria.
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ATMOSPHERE

ATMOSPHERE .

SOIL Proteins from humus
(dead organic material)

¢ 5 o, Nitrogen-fixing i
=202S% bacteria ('\iltlalg?:;?;sition
Amino Denitrifying
g =
NH, acids bacteria  29% o
(ammonia)

‘%2, 2 Ammonifying

0% :
bacteria .
H* ,\ / Weathering of rock\
(from soil)

> @ - > -
NHt—> 5909 —> NO,"—> o792 —> NO,

A (74 A ] 5
(ammonium) N (nitrite) Niifying (nitrate)
bacteria bacteria

figure 78. The roles of soil bacteria in the nitrogen Fixation

= Rhizobacteria

Development of a soybean root nodule:

@ Roots emit chemical signals that irfaction
a;tract Rhlzoblum_bagterla. The Gy Dividing cells
acteria then emit signals that =N oot cotiex
stimulate root hairs to elongate k\ once)
and to form an infection thread Bacteroid
by an invagination of the Infected
plasma membrane. | root hair

Nodule
vascular

Rhizobium
bacteria

@ The infection thread containing the
bacteria penetrates the root cortex.
Cells of the cortex and pericycle begin
dividing, and vesicles containing the
bacteria bud into cortical cells from the
branching infection thread. Bacteria
within the vesicles develop into
nitrogen-fixing bacteroids.

Dividing cells in pericycle

Bacteroid

Root hair
sloughed off

Developing root nodule

© Growth continues in
the affected regions of
the cortex and pericycle,
and these two masses
of dividing cells fuse,

Sclerenchyma cells forming the nodule.

© The mature nodule grows to be many
times the diameter of the root. A layer of
lignin-rich sclerenchyma cells forms,
reducing absorption of oxygen and
thereby helping maintain the anaerobic
environment needed for nitrogen fixation. Bacteroid

@ The nodule develops vascular tissue
(individual cells not shown) that
supplies nutrients to the nodule and
carries nitrogenous compounds into
the vascular cylinder for distribution
throughout the plant.

vascular
tissue

Figure 79. Development of a soybean root nodule
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Arbuscular mycorrhizae
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Ectomycorrhizae.

(Endomycorrhizae)

No mantle forms around the root, but
microscopic fungal hyphae extend into
the root. Within the root cortex, the
fFungus makes extensive contact with the
plant through branching of hyphae that
Form arbuscules, providing an enormous
surface area for nutrient swapping. The
hyphae penetrate the cell walls, but not

the plasma membranes, of cells within

the cortex.

Cortical cell

\ Fonex :

[ AN F—rFungal
vesicle

h—Casparian
strip

=

} =

> Arbuscules =
‘ Plasma N

membrane (LM)

The mantle of the fungal mycelium
ensheathes the root. Fungal hyphae
extend from the mantle into the soil,

absorbing water and minerals, especially
phosphorus. Hyphae also extend into the
extracellular spaces of the root cortex,
providing extensive surface area for
nutrient exchange between the fungus

and its host plant.

Mantle (fungal sheath)

- Epidermal
|

(Colorized SEM)

(fungal sheath)

Figure 80. Endomycorrhizae

Figure 81 Ectomycorrhizae.

' Unusual nutritional adaptations in Plants

1. Epiphytes
2. Parasitic Plants

3. Carnivorous Plants

figure 82. From the left (Carnivorous, Parasitic and Epiphytes)
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Chapter Four

Angiosperm Reproduction
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' Flowers, double Fertilization, and Fruits are key Features of the angiosperm life
cycle

The life cycles of all plants are characterized by an alternation of generations, in which
multicellular haploid (n) and multicellular diploid (2n) generations alternately produce
each other. Fertilization, the Fusion of gametes, results in a diploid zygote, which divides
by mitosis and forms a new sporophyte. In angiosperms, the sporophyte is the dominant
generation: It is larger, more conspicuous, and longer-lived than the gametophyte. The
key traits of the angiosperm life cycle can be remembered as the “three Fs"—F lowers,
double fertilization, and Fruits.

LFIower Structure and Function: i!
The Flower, which is the sporophytic structure in angiosperms specialized for sexual
reproduction, is typically composed of fFour types of Floral organs: carpels, stamens,
petals,and sepals (see Figure). The carpel (also called a megasporophyll) contains an ovary
at its base and a slender neck called the style. At the top of the style is a sticky structure
known as the stigma, which functions to capture pollen grains. The stamen (also called a
microsporophyll) consists of a stalk called the Filament and a terminal structure called
the anther. Inside the anther are chambers known as microsporangia or pollen sacs,

which produce pollen grains.

Stamen " Anther
Filament

Stigma Single carpel
(Simple pistil)

)

\\ '
i\ \ /

7

Petal

Receptacle

Figure 83. The structure of an idealized flower
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= Methods of Pollination

Pollination by Bees Pollination by Wind

The Flowers have attractive colors and

fragrances.
Floral structures can create eddy

currents that aid in pollen capture

Pollination by Bats Pollination by Moths and Butterflies

Anther

«Moth
N

Bat-pollinated flowers, and the flowers, are .
the Flowers they pollinate are often sweetly
light colored and aromatic
fragrant. And they are usually white or yellow,

Pollination by Birds Pollination by Flies

» Hummingbird

drinking nectar
of columbine J§
flower

Flowers, are usually large and bright. The petals

flowers are reddish and fleshy,

of such Flowers are often fused, forming a bent

floral tube that fits the curved beak of the bird.

with an odor like rotten meat.
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i’ The life cycle of angiosperms:

Pollination is one step in the angiosperm life cycle. Figure below provides a complete
overview of the life cycle, focusing on gametophyte development, sperm delivery by
pollen tubes, double fertilization, and seed development. Over the course of seed plant
evolution, gametophytes became reduced in size and wholly dependent on the
sporophyte for nutrients (see Figure 30.2). The gametophytes of angiosperms are the
most reduced of all plants, consisting of only a few cells: They are microscopic, and their
development is obscured by protective tissues. For simplicity, a Flower with a single

carpel (simple pistil) is shown. Many species have multiple carpels, either separate or

fFused

Key

Haploid (n)
Diploid (2n) Carpel Stamen
(megasporophyll)

Mature flower on
sporophyte plant
(2n)

@ When a seed
germinates, the
embryo develops
into a mature
sporophyte.

Embryo (2n)
Endosperm (3n) % Seed
Seed coat (2n)

@ The zygote
develops into an
embryo that is
packaged along
with food into a
seed. (The fruit
tissues surround-

Female gametophyte
(embryo sac)

ing the seed are

not shown.) 3 \\

(microsporophyll)

Mawhiba

e In the anther of a stamen,
each microsporangium contains
microsporocytes that divide by
meiosis, producing microspores.

Microsporangium
(pollen sac)

Microsporocytes (2n)

Ovary

!

© A microspore develops
into a pollen grain. The gen-
erative cell of the gameto-
phyte will divide, forming
two sperm. The tube cell

will produce the pollen tube.

y @)
. _Ovule with L '/ A »
/ ‘ «” megasporangium Microspore % . | Generative cell
J @n) n, {/ ) Tube cell

_—2—Tube nucleus

Male gametophyle‘
(in pollen grain)

Pollen
grains
Stigma—— =
@ In the megasporan- PollenJ-
gium of each ovule, the Megasporangium tube ] l
megasporocyte divides 2n) =
by meiosis, producing Sperm
four megaspores. One Surviving f
survives and gives rise to megaspore Tube
a female gametophyte. ) nucleys
Integuments

Micropyle ég
NG

[ — Style

Antipodal cells

Polar nuclei
in central cell

Synergids

Egg (n)

Nucleus of Zygote (2n)

developing

endosperm

(3n)
Egg
nucleus (n)

9 Double fertilization occurs. One
sperm fertilizes the egg, forming a
zygote. The other sperm fertilizes the
central cell, forming the endosperm
(a food sunnlv. 3n in thic examnle)

O After pollina-
tion, eventually
two sperm cells
are discharged
in each ovule.

Nischaraed snerm nuiclei (n)

Figure 84. The life cycle of angiosperms
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LSeed Development and Structure:

Seed formation goes through three stages:

1. Endosperm Development:

Endosperm usually develops before the embryo does.
After double fFertilization, the triploid nucleus of the
ovule's central cell divides, forming a multinucleate
“supercell” that has a milky consistency. This liquid
mass, the endosperm, becomes multicellular when
cytokinesis partitions the cytoplasm by forming
membranes between the nuclei. Eventually, these
“naked"” cells produce cell walls, and the endosperm
becomes solid.

2. Embryo Development:

By the time the ovule becomes a mature seed, and the
integuments harden and thicken into the seed coat,
the zygote has given rise to an embryonic plant with
rudimentary organs.

3. Mature Seed:

Ministry of Education

"o

Ovule
Endosperm
nucleus

; Zygote

Integuments

Zygote

= ——Terminal cell

.
JBasal cell

\ /Proembryo

Suspensor

Basal cell —- \

Cotyledons

Shoot
apex

i

Seed coat

Root
apex

Suspensor- Endosperm

During the last stages of its maturation, the seed Figure 85. The development of a eudicot plant embryo

dehydrates until its water content is only about 5-15% of its weight. The embryo, which

is surrounded by a food supply (cotyledons, endosperm, or both), enters dormancy; that

is, it stops growing and its metabolism nearly ceases

Seed coat Epicotyl
Hypocotyl
Radicle
Cotyledons

Scutellum =~—Pericarp fused
(cotyledon) \ with seed coat
Coleoptile Endosperm

Coleorhiza

Epicotyl
G{ Hypocoty!
Radicle

Figure 86. Seed structure in eudicot Figure 87. Seed structure in monocot |
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#' Seed Germination
When environmental conditions are Favorable for growth, dormancy in the seeds is

broken and germination continues. Germination is Followed by the growth of stems,

leaves, and roots, and eventually flowering.

In maize and other grasses, the shoot In common garden beans, straightening
grows of
straight up through the tube of the a hook in the hypocotyl pulls the
coleoptile. cotyledons from the soil.

Foliage leaves

Coleoptile Coleoptile

| /
/

A /’/ b'\v</
R

r = 7?1(

\H ('j\/ /}‘ﬂ Vg A \
adicleﬁ 3 A ( )}ﬁ

Figure 88. Stages of seed germination in monocots and dicots

®' Fruit Structure and Function:

Aggregate fruit Simple fruit
develops from many separate carpels of develops From a single carpel (or several

one flower Fused carpels) of one flower

Raspberry flower

Carpel ’
(fruitlet) Remains of /
stigma and /

style

T

Ovary

Withered
stamen

\

Raspberry fruit

Pea fruit

Accessory fruit Multiple Fruit
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develops largely From tissues other than  develops from many carpels of the many

the ovary Flowers that form an inflorescence

Stigma

Pe\tal \ /Style Flowers

24 fq
> [N o\ &
1A L
0! Stamen
e

Sepal—
Ovary
Ovule (in receptacle)

Apple flower Pineapple inflorescence
Remains of Each segment
stamens and styles develops
Sepals from the

carpel
of one

|

/

/

Seed %\ x
Receptacle

Apple fruit

Pineapple fruit

#' Fruit and Seed Dispersal

Dispersal by Wind

With a wingspan of 12 cm, the giant seed of the tropical Asian climbing gourd
Alsomitra macrocarpa glides through the air of the rain Forest in wide circles when

released

Some seeds and Fruits are attached to umbrella like" parachutes” that are made of

intricately branched hairs.

Tumbleweeds break off at the ground and tumble across the terrain, scattering

them seeds.

The winged fruit of a maple spins like a helicopter blade, slowing descent and
increasing the chance of being carried fFarther by horizontal winds.

Dispersal by Water

e Some buoyant seeds and fruits can survive months or years at sea. In coconut, the
seed embryo and Fleshy white "meat” (endosperm) are within a hard layer
(endocarp) surrounded by a thick and buoyant fibrous husk.

Dispersal by Animals

National Science and Mathematics Olympiad




O..._ ...ct

90""' d ! mg_o ::'.'-.'::
NSMO Mawhiba e

e The sharp, tack-like spines on the fruits of puncture vine (Tribulus terrestris) can
pierce bicycle tires and injure animals, including humans. When these painful”
tacks"” are removed and discarded, the seeds are dispersed.

e Some animals, such as squirrels, hoard seeds or Fruits in underground caches. IF
the animal dies or Forgets the cache’s location, the buried seeds are well

positioned to germinate.

Figure 89. fruits of (Tribulus)

Figure 90. Desert grass plants

Figure 91. Seed of the tropical Asian

climbing gourd

Dandelion fruit

Figure 92. Fruit of a maple spins | | Figure 93. Seeds and fruits are attached to umbrella
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Chapter Five

Plant Responses to Signals
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' Plant hormones help coordinate growth, development, and responses to stimuli

A hormone, in the original meaning of the term, is a signaling molecule that is produced

in low concentrations by one part of an organism’'s body and transported to other parts,

where it binds to a specific receptor and triggers responses in target cells and tissues.

' Study of plant hormones:

The major plant hormones are auxins, cytokinins,
gibberellins, abscisic acid, ethylene, brassinosteroids,

jasmonates, and strigolactones.

® Auxin:

1. Charles Darwin and his son Francis
2. The role of auxin in Cell elongation
3. Auxin's role in Plant Development
i’ Cytokinins:
1. Control of Cell Division and Differentiation
2. Control of apical Dominance

3. Anti-aging effects

Removal of the apical bud allows remaining buds to
receive more sugars for growth. Auxin and strigolactone

The apical bud is a levels also decline, particularly near the cut surface. This
preferred sugar sink decline allows the topmost axillary buds in particular to
and a major site of grow and take over as the new apical bud.

auxin biosynthesis.

Auxin moving
downward from the
apical bud produces

strigolactones that
repress the growth of
axillary buds.

Cytokinin coming from
the root antagonizes
the actions of auxin and
strigolactone, allowing
for a limited amount of
axillary bud growth.
Therefore, the axillary
buds farthest from the
apex are increasingly
elongated. Plant with apical bud intact Plant with apical bud removed

Inquiry What part of a grass coleoptile senses
light, and how is the signal transmitted?

Experiment In 1880, Charles and Francis Darwin removed and
covered parts of grass coleoptiles to determine what part senses light.
In 1913, Peter Boysen-Jensen separated coleoptiles with different
materials to determine how the signal for phototropism is transmitted.

Results

Shaded
side of
coleoptile

Control

Ligr;/\/\/“
llluminated

side of
coleoptile

Darwin and Darwin: Phototropism occurs
only when the tip is illuminated.

\

Tip Tip covered Tip Site of
removed|( by opaque covered curvature
cap by trans- covered by
parent opaque
cap shield

Boysen-Jensen: Phototropism occurs when the tip is separated
by a permeable barrier but not an impermeable barrier.

Tip separated
by gelatin
(permeable)

Tip separated
by mica
(impermeable)

Data from C. R. Darwin, The power of movement in plants, John Murray, London
(1880). P. Boysen-Jensen, Concerning the performance of phototropic stimuli on the
Avenacoleoptile, Berichte der Deutschen Botanischen Gesellschaft (Reports of the
German Botanical Society) 31:559-566 (1913).

Conclusion The Darwins' experiment suggested that only the tip
of the coleoptile senses light. The phototropic bending, however,
occurred at a distance from the site of light perception (the tip).
Boysen-Jensen’s results suggested that the signal for the bending is a
light-activated mobile chemical.

Figure 94. Effects on apical dominance of removing the apical bud.

Figure 95. Charles and Francis Darwin experiment
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u' Gibberellins
1. Stem elongation
2. Fruit Growth

3. Germination

@ After a seed

imbibes water, the @ The aleurone responds to (3] Sugars and other

embryo releases GA by synthesizing and nutrients absorbed (b) The Thompson seedless
gibberellin (GA), secreting digestive enzymes from the endosperm grape bunch on the left is
which sends a signal that hydrolyze nutrients stored by the scutellum from an untreated control
to the aleurone, the in the endosperm. One example (cotyledon) are consumed ¢ P
thin outer layer is o-amylase, which hydrolyzes during growth of the VIne. The bunch On_the right
of the endosperm. starch. embryo into a seedling. is growing from a vine that

was sprayed with gibberellin
during fruit development.

(a) Some plants develop in a
rosette form, low to the ground
with very short internodes, as in

LGS Aot the Arabidopsis plant shown at
P the left. As the plant switches
oy to reproductive growth, a surge
of gibberellins induces bolting:
Internodes elongate rapidly,
elevating floral buds that
develop at stem tips (right).
Water
Scutellum
(cotyledon)
Figure 96. Mobilization of nutrients by gibberellins during the Figure 97. Effects of gibberellins on stem elongation and
germination of grain seeds such as barley. Fruit growth.

=’ Abscisic Acid:
1. Seed Dormancy
2. Drought tolerance

' Ethylene:

—

The triple response to mechanical Stress

2. Senescence

3. Leaf abscission

4. Fruitripening

s’ More Recently Discovered Plant Hormones:
1. Brassinosteroids

2. Jasmonates

3. Strigolactones

109
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Exercises
Which of the following is correctly paired with its structure and fFunction?
Sclerenchyma—supporting cells with thick secondary walls
Ground meristem—protective coat of woody stems and roots
Guard cells—waterproof ring of cells surrounding the central stele in roots
Periderm—parenchyma cells Functioning in photosynthesis in leaves
Which of the Following is the correct sequence of the zones in the primary
growth of a root, moving From the root cap inward?

Zone of cell division, zone of elongation, zone of differentiation.
Zone of differentiation, zone of elongation, zone of cell division

Zone of elongation, zone of cell division, zone of differentiation

o alels| |elales] o

Zone of cell division, zone of differentiation, zone of elongation

The veins of leaves are _

I. Composed of xylem and phloem

> [l. Continuous, with vascular bundles in the stem and roots
III. Finely branched to be in close contact with photosynthesizing cells
A B C D
only | only Il only Il I, 11,and Il
The main function associated with structure X is _ . —
QI
¢ B
R e
¥ (opening)
A Absorption of carbon dioxide
B Retention of water
C Collection of light
D Release of carbon dioxide
5 Which of the Following would be least likely to affect osmosis in plants?
A A difference in solute concentrations.
B Receptor proteins in the membrane
C Aquaporins.
D A difference in water potential

110
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If isolated plant cells with a water potential averaging -0.5 MPa are placed into
a solution with a water potential of -0.3 MPa, which of the following would be
the most likely outcome?

The pressure potential of the cells would increase
Water would move out of the cells

The cell walls would rupture, killing the cells.
Solutes would move out of the cells.

Arrange the following Five events in an order that explains the mass Flow of
materials in the phloem.
1. Water diffuses into the sieve tubes.
2. Leaf cells produce sugar by photosynthesis.
3.Solutes are actively transported into sieve tubes.
4.Sugar is transported from cell to cell in the leaF.
5.Sugar moves down the stem.
A B C D

1,2,3,4,5 2,4,3,1,5 4,2,1,3,5 2,4,1,3,5

The value For W in root tissue was Found to be -0.15 MPa. If you take the root
tissue and place it in a 0.1 M solution of sucrose (¥ = -0.23 MPa), the net water
Flow would

be from the tissue into the sucrose solution

be from the sucrose solution into the tissue

be in both directions, and the concentration of water would remain equal
be impossible to determine from the values given here

If an ovary contains 50 ovules, what is the minimum number of pollen grains
that must land to Form 50 mature seeds?

A B C D

25 50 100 500
Which of the Following is a primary difference between ectomycorrhizae and
endomycorrhizae?
Endomycorrhizae have thicker, shorter hyphae than ectomycorrhizae.
Ectomycorrhizae do not penetrate root cells, whereas endomycorrhizae grow

into invaginations of the root cell membranes.

m
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C Endomycorrhizae are more common than ectomycorrhizae
There are no significant differences between ectomycorrhizae and
endomycorrhizae.
Some dioecious species have the XY genotype for male and XX For female. After
11 double Fertilization, what would be the genotypes of the embryos and

endosperm nuclei?

A embryo XY/endosperm XXX or embryo XX/endosperm XXY
B embryo XX/endosperm XX or embryo XY/endosperm XY.
C embryo XX/endosperm XXX or embryo XY/endosperm XYY.
D embryo XX/endosperm XXX or embryo XY/endosperm XXY
What adaptations should one expect of the seed coats of angiosperm species
whose seeds are dispersed by fFrugivorous (Fruit-eating) animals, as opposed to
angiosperm species whose seeds are dispersed by other means?
1. The exterior of the seed coat should have barbs or hooks.
1 2.The seed coat should contain secondary compounds that irritate the lining of
the animal's mouth.
3. The seed coat should be able to withstand low pHs.
4. The seed coat, upon its complete digestion, should provide vitamins or
nutrients to animals.
5.The seed coat should be resistant to the animals' digestive enzymes.
A B C D
4 only 1and 2 3and5 3,4,and 5
. Which of the following mechanisms is the correct sequence of events that

takes place during the plant responses to internal and external signals?
A transduction, reception, and response
B reception and transduction
C reception, transduction, and response
D reception and response
Plant hormones produce their effects by
l. altering the expression of genes
ll. modifying the permeability of the plasma membrane
lll. modifying the structure of the nuclear envelope membrane?
A B C D

Only | Only Il Only Il Onlylandll
12

National Science and Mathematics Olympiad




oy as®
lo.:'. .

g : III.' :I ! 5:9_0 o-._-.i::i:::
NSMO Mawhiba ———

ﬂ Mock Exam

1- The diagram shows the water potentials of

3 adjacent plant cells (the water potential of
. -1200kPa
pure water is 0).

Determine For each of the Following Figures _800kPa ~1000kPa W
whether the direction of water movement Y

due to osmosis is depicted correctly?

) O | ) | OO

2- On a3 warm summer's day, the transpiration pull is the main Force that drives
water from root parenchyma into the root xylem. The table shows values of s,
(pressure potential) and Y, (solute potential) in root xylem and root parenchyma, in
kPa.

In which of the Following options would transpiration pull cause water to move

From root parenchyma into the root xylem?

Root parenchyma Root xylem
Y, W, v, W,
A 200 -190 -200 5
B -200 220 65 -5
C 200 -220 65 -5
D 200 -220 -65 -5

13
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3- Identify the likely seed characteristics For the two seeds that depend on different
dispersal mechanisms. The first seed depends on wind dispersal and the second on

dispersal via ruminants.

wind dispersed seed Seed dispersed via ruminant
A Dense nut with woody pericarp Very light, spiral Feathers
Small dense pip in ballistic pod under Multiple Fine hairs coat the outside
tension with hooks
C Dense fire-resistant seed coat Fleshy Fruit coated in small seeds

) Drupe fruit, colored, hard inner seed
D Rotary wing, small :
coa

4- Plant tissues where carbon Fixation occurs are known as ‘source’. The product(s)
Formed is/are then transported to different parts of the plant body For its Further
utilization or storage, which is known as ‘sink.’

Which of the Following can be categorized as ‘'source (P)and 'Sink (Q)?'

A- (P) endodermis of root; (Q) phloem cells of root

B- (P) epidermal region of assimilatory root; (Q) meristematic region of assimilatory root
C- (P) parenchyma of beet tuber; (Q) phloem cells of root

D- (P) xylem tissue of a green leaf; (Q) phloem tissue of the adjacent green leaf
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5- The ABC-model of Flower development explains the regulation of whorl
differentiation in fFlower meristems.
There are three groups of master genes, A, B and C genes, each determining a type of

whorl:

e Sepals need only A gene expression.
e Petals need simultaneous expression of Aand B genes.

e Stamens need simultaneous expression of B and C A ¢

genes.

e Carpels need only C gene expression. B edel

Y | Lacandonia flower

Bad

e The tropical American plant, Lacandonia schismaltica,

has inverted flowers (see Figure), with stamens located in the center of flower, and

individual carpels located between petals and stamens True or false?

Statements TorF
1 Lacandonia schismatica fFlower morphology could be explained by
gene expression pattern |
5 Flowers of Lacandonia schismatica would have neither petals nor
carpels, if Flowers Followed gene expression pattern Il
. The only whorls flowers of Lacandonia schismatica would be missing,

if they Followed expression pattern I, is petal

4 petals, like sepals, need only A gene expression.

115
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6- The picture below shows the steps of the collapse of xylem vessels in plants.

What is the correct explanation For such a collapse?

Deficient in lignin on cell walls.
B Increasing the concentration of solutes in xylem sap
Shifting the transmission mechanism From negative pressure to positive

pressure

D Many water bubbles collect inside xylem vessels
7- The Following schematic image shows the

transverse cut of root showing symbiosis with

3 different groups of organisms (3, b, and c).

Using the schematic image, determine whether

the Following statements are true or False.

Statements TorF
A Diagram (a) shows ectomycorrhiza.
8 Diagram (b) shows endomycorrhiza.

c Diagram (c) shows ectendomycorrhiza.

D One of the diagrams indicates a symbiosis of nitrogen-fixing bacteria

and plant.

National Science and Mathematics Olympiad
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8- Many climbing plants have tendrils, a thread-like organ specialized For winding
around or clinging to a support. While tendrils are typically modified leaves, some
tendrils are modified stems, which can
be distinguished by morphological
inspection.

For a tendril sample, answer which of

the Following observations is most
informative For judging whether itis a Vicia sativa Cayratia japonica
modified leaF or 3 modified stem.

Mark true or False in the appropriate box.

1 Observation of the surface to examine the presence/absence of stomata

2 Observation of the surface to examine the thickness of the cuticular wax layer

3 Observation of the surface to examine the shape of epidermal cells

Observation of the cross section to examine the positional arrangement of the
xylem and phloem
Observation of the inner tissue to examine the presence/absence of developed

chloroplasts

9- Ali Found a permanent slide in an old cupboard of his school laboratory. As the
corner of the slide was broken, the label was incomplete. He could only read ‘T.S. of...."
He started observing the slide under the microscope. He observed the section as

shown in the picture below.
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Itis a transverse section of a Floating hydrophytic leaf.

The epidermal region towards 'P' can be considered as the
adaxial side.
iii The plant must be monocotyledonous.
iv IF water dries up, the leaf will curl downwards towards ‘Q".

Y There is no prominent mid-vein present in this leaf.

a.iionly
b.iandiv
c.ii andiii
d.iii,ivandv

10- The following Figure shows a cross section of the root of Ranunculus
(buttercup) describing the organization of primary tissues in young roots. This root
cross section represents basic pattern of root organization. What is the name of the

root tissue indicated by the question mark?.

Cross section of the root of Ranunculus (buttercup).

A B C D

Phloem Cortex Xylem Endodermis
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Answer key For exercises

1 A 8 A
2 A 9 B
3 D 10 C
4 C 1 D
5 B 12 C
6 A 13 C
7 B 14 D

Answer key For the Mock Exam

1 D
2 D
3 D
4 B
5 T F F T
6 A
7 T T T F
8 F F F T F
9 C
10 A
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Stoichiometry Calculations dilat) e alaal) clibuwa

Aailil) o sall 5 e litall o all e dualall clilal) o) a8 AilasSl Aabeall (e 33l (e
Aleliid) ey jall o @A s e VAl el syt Ll 8 AilasSH Alslaall 4y ias Ll elld

U Jelail e gy (Uil s And ¢z AlpasS Jelii 3 dailil)
A chemical equation can be used to calculate the quantities of reactants and
products. This is because a chemical equation clearly expresses the number of
atoms or molecules reacting or producing in a particular chemical reaction. For
example, the following reaction:

2H>SO4 + Cu — SO, + 2H,0 + CuSOq4
23S (A8 e 2al5 0055 0585 ) g A Sl Gaea e Gt Sa g Baals a3 3 Jeli o
5583 5 gealls AL Asbaall 3ol o V) L sl i S (e 3als o5 n s ele G sas Sl
O OSadll Sy Y Aplend) Aalill e 4d) o glaall (e 43Y tBma e 36l B & Wginaa et ) e g
damia 3 ) seay Ldel ) 4plSa) ) Adla) oy pSI) (aes (e i s Baal 5 il 5,0 e Jpeanll
delall e s of &8l gl () G815 (301 (e ellAl ( Laall a8l 5l (ha Lg i A8l 5 ) suall (e liiad
i Sl Gann S e (0 39) o oAl 53 (gn (35 Jpa) Jelis ¢f 1 5 oY sall alasidy
Jsa) 5 elall Al sa e (Glse) s Sl 2T 6 Gl ja e (33)5 I s0) e J sl ) g2
codadll iy S Gl s (e (sl

It shows that the reaction of one copper atom with two molecules of sulfuric acid
produces one molecule of sulfur dioxide, two molecules of water, and one molecule
of copper sulfate. However, reading the equation in this literal manner although
technically correct is not preferable, because in practice it is impossible to obtain
exactly one copper atom and two molecules of sulfuric acid.
A more appropriate and practically meaningful interpretation is to express the
reaction in terms of moles, as follows: one mole of copper atoms reacts with two
moles of sulfuric acid molecules to produce one mole of sulfur dioxide molecules,
two moles of water molecules, and one mole of copper sulfate molecules.
l,al aae e AVall axain Ll ) ddlia) 4lanS ddalaall 8 codlalaall o e gl Jladl Jay
iy Jall s A e Y gall 2ae e AIVAN G ) i 8 andiad o Sy Leald iy jall

(I 5 ) seally Bl JUal) 8 el e 55 (S5 edabaall L8 335 sl
The preceding example indicates that the coefficients in a chemical equation, in
addition to representing the number of atoms or molecules, can also be used to
denote the number of moles of atoms or molecules involved in the reaction.
This concept can be illustrated in the previous example as follows:

2H>S0O4 + Cu — SO, + 2H,0 +  CuSOq4

2 molecules H>SO4 + 1atom Cu — Imolecule SO, +2molecules H>O+1 molecule CuSO4

2 mol H2SOq4 + 1 mol Cu —1 mol SO,  +2mole H,O +1 mol CuSOg4

196 g H2SO4 +63.5gCu—>64gS0O, +36gH0 +159.5 g CuSOq4
259.5 g Reactants  — 259.5 g Products

ALK Jads ) 5ilE 5880 A0 5 ) sl Al Aaladl o JaaY
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Note that the balanced chemical equation satisfies the law of conservation of
mass.
Librasst) Adlaall (e Lgale J puand) (Say Al Cila glaall
Information That Can Be Obtained from a Chemical Equation
sdaslil) g Ao litall 3 gal) daguda g Alla 48 20 Y gl
Sl Je i 3
First: Determining the state and nature of the reactants and products:
For example, in the following reaction:
No + 3Hae = 2NHs ;
e g el e Om Sy Jelall Jaa o ] g Hladl ) = salall o) I (2) syl ey
Lise¥) le (oSl a5 il
The symbol (g) indicates that the substance is in the gaseous state, meaning that
the reaction results from the interaction of hydrogen gas with nitrogen gas to form
ammonia gas.
sl Sl dlae ) (p Apadl) daas o LG
Second: Determining the ratio between the numbers of molecules:
ALl ddaladl) (e 4_13\:13\ il idanda S JEA d:\.\u L_Ar_
For example, from the previous equation, we can observe the following ratios:
Hy @l Ny @l ja 4
The ratio of N> molecules to H> molecules is:
1 molecule

3 molecules )
NH; @l s SN, @l s 4
The ratio of N2> molecules to NHs molecules is:
1 molecule

2 molecules .
‘NH; <l ja S Hy @l a4
The ratio of H. molecules to NHs molecules is:
3 molecules

2 molecules L o
c Y gall Aas) G Aswdl) paad o WG
Third: Determining the ratio between the numbers of moles:
Hy @Y s 22e I N, OV ge 220 dais
The ratio of the number moles of N2 to the number moles of Ha is:
1 mol

3 mol
‘NH3 @Y e 22e I Ny OV g0 220 A
The ratio of the number moles of Nz to the number moles of NHs is:
1 mol

2 mol )
‘NH3 &Y se22e JHy OV ge 220 4
The ratio of the number moles of H2 to the number moles of NHs is:
3 mol

2 mol
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Fourth: Determine the ratio between the masses of the reactants and the products:
Ha A )N 458 4

The ratio of the mass of N to the mass of H- is:
28¢g

6g
: NH; A N, Al 4
The ratio of the mass of N to the mass of NHs is:
28¢g
34g
‘NH3 4 ) Hy A€ 4
The ratio of the mass of H. to the mass of NHs is:
6g
34g

49 gal) Ailaasst) Malaall B (5 AT Bale Y ga A gloay Balal Y gal) 2o Cililua

Calculating the number of moles of a substance given the moles of another
substance in the balanced chemical equation
el 8 Lo e Y Aualul § glad A5 ) gal) Alal Alaladdl (e Bl Y gall 2o ililua 328
S e GAD AIall (s Lay yy (531 sl L 58 8 Ll (0S5 5 ¢S L —y iyl Lo 8 s JidS
sale 3 gl Ll Cupa e liall s ol i) b dne Jalaii @2 (s galall (salal allall 5 ey sall 5 ol 3
(Al AESa) A28l Y pall 230 Ciln (Sars a1 f ol all Jie dules Cilaa sy
Calculating the number of moles from a balanced chemical equation is an essential step
in chemistry. It represents the essence of what is known as stoichiometry. Stoichiometry
1s important because it serves as a bridge between the invisible, microscopic world of
atoms and molecules and the tangible, physical world we encounter in laboratories and
industry, where substances are usually measured in practical units such as grams or
liters. The number of moles can be calculated using the following relationship:

gy sall Aalaall 8 1Y) 5alall Jalae
Coefficient of the first substance in the
balanced equation
23 all Alalaall & 2l 3Ll Jalas
Coefficient of the second substance in the
balanced equation

8 5l aalial) Ay Al mm sy Ailaasll cilial) gaen e 5855 i gy paal) san sl sl oo
Qe 5 canall g Al Jie s al dlee cilaa g ) Jsall Bas 5 (e Balall daS (g Sy oS (41 JSA)

LY (i Al Adlinl) 3,80 5 g1 5l 5 ecilapuanl
The mole is the central unit upon which all chemical calculations are based. The
accompanying concept map (Figure 4-1) illustrates how the amount of a substance can
be converted from the mole to other practical units such as mass, volume, number of
particles, and the various types of concentrations that will be studied later.

(_,,JJ‘\J\ 3aLal) &LY}A e
Number of moles the first substance

Al salal) Y ga 22e
Number of moles the second substance
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Slauall sae

- NUMBER OF PARTICLES
Silal jally Al (e.g. atoms, ions, molecules)
MASS -
i i R.T.P s & Y dm® sz
VOLUME

In dm? for any gas at R.T.P

+
=)
=]
2
X
S
[

¢z01%x20°9 x

x 22.4 dm?*/mol aaall
S.T.P e & s¥dm?sas
VOLUME
In dm? for any gas at S.T.P

g/dm? s o 35S
CONCENTRATION
in g/dm?

+22.4 dm*/mol
X

T (Sl 3l
mol/dm? 3as 5 S 5l y :
CONCENTRATION - MOLE FRACTION
in mol/dm3 mol/kg 3aa 5 38

CONCENTRATION
in mol/Kg

A LilaesSl las gl g J sl G Ja gl 1441 JSS
Figure 4-1: Converting between moles and other chemical units.
Exercise 4-1: ; ‘ ; 4-1
Al ABuY) e caal Al L gel) et Jeldl ddalas s
According to the following reaction equation for the preparation of ammonia, answer
the following questions.
N2 +3H; — 2NH3
o 5 il (e A e ma (a5 50l (10 6.0 MOl Jelé (e Aadlill L Y)Y g0 230 oS
a. How many moles of ammonia are produced from the reaction of 6.0 mol of hydrogen
with a sufficient amount of nitrogen?

Soma g il (10 252 g ae Jeléillda 330 cpa g puell Y g0 220 oS b
c. How many moles of hydrogen are required to react with 252 g of nitrogen?

L Y1 (0 6.0 Mol Y A 33U (a5 il iy 2 2 oS ¢
e. How many molecules of nitrogen are required to produce 6.0 mol of ammonia?

9o s il (e A8 D0eS e a5 )edl (00 0,450 kg Jeld (e dailil) Lo Y LS e d
f. What is the mass of ammonia produced by reacting 0.450 kg of hydrogen with a
sufficient amount of nitrogen?

Limiting Reactant Jo Wil Basaal) 3alal)
Ll e il o gall (e ol @llgind Lavie LSl Jelal) i g3y
A chemical reaction stops when any of the reactants are completely used up.
A0 5 ) gall Jelal) dalas Ladass L";\]\ il Axnilal) = e ldiall o sall ax 63 La 1530
Reactants rarely exist in nature in the proportions determined by a balanced reaction
equation.
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Gabis Lemsan ol ) gall (gan) sl why of Y Jeldl) iy Aails ST 5 ol sall (saa) ¢S5 Lasale 5
Blana Baal g Bale (oSS (pa A Al DI gl o) gall (gan) (5S¢ Al & COlelal)l e fasall 138
3alall o Jo Uil dadaal) Balall g ¢ Jelaill aoaal) salall 40aS o aaiad Aa3Ul) 3 gall dpaS 8 1A Jelall
Al alall S aa s Jelidl) 3 G ellgtos il
Usually, one or more of the reactants are in excess. The reaction continues until one or
all of the reactants are used up. This principle applies to reactions in the laboratory; one
or more reactants are in excess, while one reactant is the limiting reactant. Therefore,
the amount of products depends on the amount of the limiting reactant. The limiting
reactant is the reactant that is completely consumed in the reaction and determines the
amount of the product.
e clinclual s Aaildl) 3) gall andd Jolaill (i 53 amy ellgind A 3l Aeliia) of sall (e dgisiall el Ll
- bl Al meadll dlee e Sl JUal) 340 Le s Aaildl 5 Jelaill saaad) af sall e
The unreacted amounts of other reactants remaining after the reaction stops are called
excess reactants. To help you understand limiting and excess reactants, let's consider
the following example of the final assembly of a car:
Glal 4+ 8 )b JSia [ 3 L] Jeldil
Reaction: 4 tires + 1 car body — 1 car
A Lemead (Ko Gl Glladl axe Gl k) 240 5 3w JSR100 Ok gias sl OIS 1))
ALlS 5 )b 60 51 <240/4=60
If a car factory has 100 car bodies and 240 tires, the number of cars that can be
assembled is 240 + 4 = 60 cars.
(3% 60) ALl Hlud) aae aa LY el jUaY) o s Je il Sasaal) Salal)
The limiting reactant is the tires because they determine the number of complete cars
that can be produced (60 cars).
100—60 = 40 e i Cua el jland) JSha o sAkildl) a)
Excess material: car bodies, of which: 100-60 = 40 remains
1l ghadll e Ul Baasall Balall (pumd Sy
The limiting reactant for a product can be determined using the following steps:
Alelaal) o gall Y sall 2o ual (1)
(1) Calculate the number of moles of each reactant.
g3 gl bl 8 Lelalaa e Aleliia sale JS Y 5a 230 andl(2)
(2) Divide the number of moles of each reactant by its coefficient in the balanced
equation
L Jelan cilelital) asea (U dandll &) 63 & glas 1] (a)
(a) If the quotients are equal, then all reactants react completely.
(d;u:u padaall BJLJ\) LK Jelan s;d\ P Jil Lgiand & o5 ‘g_“d\ palall (b)
(b) The substance that yields the smaller quotient is the one that reacts completely (the
limiting reactant).
Al dalinal) (3 yhall aladi S Aalaall et oy Jelaill sanaal) alall 48 jaa (S Aald YA @llia
In certain cases, the limiting reactant can be identified simply by inspecting the
chemical equation or by applying the following simplified methods:
Aelaiall o sall JS 8 ¢ gludia Aelaiall o gall Y ga alael y dy gluia Aleliial o gall i Malaa CailS 13) o
LS Jelis
= [f the coefficients of the reactants are equal and the number of moles of the reactants
are also equal, then all the reactants react completely.
Al s 2 mol Oz &« 2 mol C z 34 W s sl
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Explanation: If 2 mol of C are mixed with 2 mol of O:, according to the equation:
C+02— CO2

oails ax o0 V5 LIS Je i Ao i) o) sall aen Gl
All the reactants, therefore, react completely, and no excess remains.
Y ge 220 8V salall lé (daliag Alelaiall o gl Y o dacf 5 4 sluie e litall o) gall O las Cuil< 1Y) =
LS Jelaw 3l a
= [f the coefficients of the reactants are equal but the numbers of moles of the reactants
are different, the substance with the smaller number of moles is the one that reacts
completely.
Al s 2 mol 07 &« 3 mol C z %= 1 izewa s
Explanation: If 3 mol of C are mixed with 2 mol of O, according to the equation:
C+02— CO2
LIS Jeliy (0g) oaansSYI Gl
then oxygen (O2) reacts completely.
dad 8 oY) saladl (o ody sluia e liidl o) gall Y o dlac] g dalida Aelitall 3 gall S alas il 1Y) =
) L Jelas 1) o Jaladl
= If the coefficients of the reactants are different while the number of moles of the
reactants is the same, the substance with the larger coefficient is the one that reacts
completely.
Aol s 4 mol Oz &« 4 mol H; z = ) a5
Explanation: If 4 mol of H: are mixed with 4 mol of O-, according to the equation:
2H>+ O, — 2H,0O )
LIS Jeléyy (Ha) o soued) QU
then hydrogen (H:) reacts completely.
Exercise 4-2: 14-2 s
SV e 5 «CoH 1206 35S shad) Uiy elall 5 (0 pSU 2l 50 Ll b 5 guiall oLl Je i Jenting
Photosynthesis in plants uses carbon dioxide and water to produce the glucose CsHi20s
and oxygen gas.
gl elial) ddany slall oWl (40 64.0 g 5 ¢S 2T S 50 88.0 g Lo Al ja g 13
If a plant has 88.0 g of carbon dioxide and 64.0 g of water available for photosynthesis:

a. Write the balanced chemical equation for the reaction. A ) gall Jelal) Aalas 3S) g
b. Identify the limiting reactant. el 3asaall salall 238 b
C I d entlfy t h e e Xce SS rea Ctant ........................................................ Mm\ SR C
d. Caleulate the mass of he excess reactant, i S )
e. Calculate the mass of the glucose produced .. ) 55 ) AES ol ¢
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Percent Yield 4 gial) 39 yal) Al

el Jolail) 3ol (saal Gulita (8 4 saall 35 yall A
The percent yield is a measure of the efficiency of a chemical reaction.
Goaint iy 4 Lol Ll (e Aga ) Aay plil il g ALl 5 S 85 pall el e i il ia il
Agled o yal s 3yl il g Liayf Al cdle il Jially s Aaay JS (3 Ban (3355 Y 38 Ulad (S5 (i de
Suppose you are practicing free throws in basketball and take one hundred shots. In
theory, you could make all one hundred, but in practice, you might miss some.
Similarly, chemical reactions have both theoretical and actual yields.
How much product? ‘ ‘ A5 Al e La
Uilae e oliy el 8 ooan SheSH Jeldl of coniiin) 8 olil & Y (Juadl) 138 Jilue Ja £l 3
Lo Lbon s il (g dpaS e il g (g ) s AsiliasS
While solving problems in this chapter, you may have concluded that a chemical
reaction in the laboratory occurs according to a balanced chemical equation, producing
a certain amount of product that can be calculated in advance.
3aa 100 DA (4 30 100 <argd) 3Ll 3 8 Jax o Jdiaall (o ol 480 LaSa (Ladly (g8 e ol o<1
Al il il A e il alina g Y IS il DA
But that's not always accurate, just as it is unlikely for a basketball to go through the
hoop 100 times in 100 practice shots, most chemical reactions do not produce the
expected amount of product.
3 sall uaili 88 a3l il (e dadgiall il g M JSY) J cle il (a8 g a8 aeie LY
i AT ) ge i 8 OV (any g ¢ A o A Y1 mhand e - AL AW b Al dle L)
Alall o) sall LS (any o 36 38 gl it st pall il A€ e JIE ) (uilinl) e Gy Al e
LS A8 jra ) Aalay uilaasl ol ¢ JSLER o2 Aaii g 2@ dales g 368 ol a1 A8 )5 e Wils
oSl Je il b il dpaS yaa
For various reasons, reactions often stop before completion and fail to yield the
anticipated amounts. Reactants and products—in the case of liquids—may stick to the
surfaces of containers or evaporate. In some cases, unexpected substances may form
due to competing reactions, reducing the amount of desired product. Some solid
materials may remain on a filter paper or be lost during purification.
Because of these issues, chemists need to know how to determine the actual amount of
product in a chemical reaction.
;gia.ﬁ\ 3934l 9 ‘é)ﬁ.m 393 sall
Theoretical Yield and Actual Yield:
i yuanall ) S a5 Blance Al i B3a e (0 geill) AnaS oy Cudd Ll bl (g S 3
Alana) Al litd) 53lall a8 (o Lgle J smnll (S owilil) (e 20aS ST 5o 5 e Jelill g all) 4 g3 pall 030
In many of the previous calculations, you computed the amount of product from a given
amount of reactant. This calculated amount of product is called the theoretical yield of
the reaction, which is the maximum amount of product that can be obtained from the
given amount of reactant.
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22l 390 yall LSl dany 28 giall (5 paill 293 yall (Gillaa ad 390 je  SbasSl Jeldll e i L1530
Al ol AuaS 5a (tadl) g0 yalld (13 Zatll) salall AES LINA (pe iy Aid T jad DA (e Jelidl
Mlee Jbesl Jelall o) ja) xie
It is rare for a chemical reaction to produce an actual yield that exactly matches the
expected theoretical yield. Chemists determine the actual yield of a reaction through
precise experiments, by measuring the mass of the product formed. Thus, the actual
yield is the amount of product obtained when the chemical reaction is carried out
practically.
Giloh (e e st all il sl U A Jelil Aleld 48 jaa ) ¢ siliall ling 24y glall 393 sal) s
ol 353 5l i il A al) 3,93l el 516 131 A i) 333yl Ao lam Jo il Aol
A sie A o s G (5 phall 250l )
Percent Yield:
Chemists need to know the efficiency of a reaction in producing the desired products.
One way to measure the efficiency of a reaction is by calculating the percent yield.
Therefore, the percent yield of a product is the ratio of the actual yield to the theoretical
yield, expressed as a percentage.

2l 353 yall
Asiall 350 pall A Actual Yield 100
Percent Yield s okaill 353yl
Theoretical Yield
Exercise 4-3: 14-3 s

ALY A5 ) pal) Aalaall 885 inial) 20l e ey ) 518 g sl mas Jeld a0 <4y
Chlorine is produced by the reaction of hydrochloric acid with manganese dioxide
according to the following balanced equation:
MnO; + 4HCI — MnCl; + Cl,; + 2H,0
OS5 ¢HC1 32 50.0 g @&« MnO2 (% 96.9 g Je i 13) 5 oIST A, giall 390 yall A g (5 paill 390 yall Canea)
.20.0 g 54 Clp - A=dll 350 all
Calculate the theoretical yield and the percent yield of chlorine if 96.9 g of MnO: reacts
with 50.0 g of HCI, and the actual yield of Cl. is 20.0 g.
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Exercise 4-1:
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Gy ) it

4 mol NH3

27 mol H»

1.806 x10%* molecules

o0 (o

2.55x10° g NH3=2.55kg

:4-2
Exercise 4-2:

6COxg) + 6H200) — CsHi206(aq) +6O2(g)

CO;

H,O

28.0 g H,O

oo o

60.0 g CsH 1206

ibgll alualyllg aglell slialgl
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Exercise 4-3:

Theoretical yield =24.3 g Cl,
Percent yield = 82.3 % Cl,
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05 Gases <)\ -5
The Kinetic-Molecular Theory A Jal) AS al) Ay s

s e By Gl pallad el B3 sai - 3aa e Lagie IS -y gesles e il g lilaasll - 8
e CJJAJ\ faa c..a‘sdsl‘g L@."\M&SJ&&L Euﬁdw\ﬂﬁu@g\@g#‘kﬂ\%ﬁ CJ}A.J\
AV Sl 8l )l Sl A8 jad) 4 il a5 Ll 5 L3S a5 lall Cilagus anay (3la Cilal i)
The chemists Boltzmann and Maxwell, each independently, proposed a model to
explain the properties of gases. This model is known as the kinetic molecular theory,
which describes the behavior of matter based on the motion of its particles. This model
makes several assumptions about the size, motion, and energy of gas particles. The
kinetic theory of gases is based on the following assumptions:
¢8ac Lite Leil LaS clgiy Juadli il e ) il o sany 45 5lia 1aa B jaica o saa <ol Cilasan (el 3l () 5855 ]
Lein Lad alil) g 3l (6 68 aaaii Gl
1. Gases consist of particles with very small volumes compared to the volume of the
spaces separating them. They are also widely separated, so the forces of attraction and
repulsion between them are absent.
Dl sl AT Glasuay arlacat 5 clgasan ClALAIY) 8 44 e 53 jaine A8 ja Alla 8 ) Clasa 2
S pall Al 288 Y el asliatl) b A e ) Gl G Gladladll aad s 4 aa 5 3 cle )
Aadbatial) Glavwad) p Jain T
2. Gas particles are in constant, random motion in all directions, colliding with other
particles or with the walls of the container in which they are located. Collisions between
gas particles are elastic. In elastic collisions, kinetic energy is not lost but is transferred
between the colliding particles.
Alall g paaill (San g Al jau g camand) ABS Las (Slale Waasy A ja A8ls Clapuall 48 a e =35 3
AY) ABall aaall 45 )all
3. The motion of particles produces kinetic energy, which is determined by two factors:
the particle's mass and its speed. The kinetic energy of a particle can be expressed by
the following relationship:
KE = Ymv?
:\.@A.Ed\ﬁu.;“:tc)»:v cﬁ@\m:m sE\:\S);‘\:\ﬁ\M\:KE;&:\;
Where: KE = kinetic energy, m = mass of the particle, v = velocity of the particle.
S yal) ABUAl eS Calias SlA (Lgasit Ao yuad) L Cpuad a3l 91 ¢Lgnstt A€ Ll L 5e e e Cilaruen (f a3
Ao aie ke gl of b 3alal) Cilapuad 408 jal) 48U Jau gial Wiliia 3 ) jadl da ) aadiad ¢laly L]
313 LS pal A8 Jars gia ASTiay o gus Lgasii 5 ) ol
The particles in a sample of a gas have the same mass, but not the same speed, so their
kinetic energy varies. Temperature is therefore used as a measure of the average kinetic
energy of the particles of a substance. Any two gases at the same temperature will have
the same average kinetic energy.
General Properties of Gases < Jladl dalal) (al )
ety coal sall (e 222 Gl R s
Gases have several properties, such as:
;A..\Aﬁ\ u
el e 5 a8 Ll 4 a5 o) ele o)) JSG Dl o Gl Bl L ) SIS @l ) ellias Y
= Expansion:
Gases have no definite shape or volume. They take the shape of their container because
they can expand to fill any available space.

12
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= Compressibility:

Because gas particles are widely spaced and have low density, gases are highly

compressible.

33 g adalrail ol ele o) 830 g sall HLadl ABEKT hany Lo ea 5y 5-1 ISl

Figure 5-1 shows what happens to the density of a gas in a container as it compresses

and expands.

i ER- P
compression cxpansion

lasall (e L5 AL 4l A anal) juay laa sle 5 o adabiail s 3lad) 2adi o 15-] JSal
Figure 5-1: The expansion and compression of a gas in a closed container change.

As gl m
O ol L) 228 13 5 (A sy i Lgleny Laa cclalad¥) aan (A 4o ju s 4 pag & et Ol Jladl Cilages
& sall

»  Fluidity:

Gas particles move freely and quickly in all directions, which makes them spread easily,

and for this reason gases are considered fluids.

-A8UY) (ldlS)  w

o SH S S id S 431 YT (S mlidi) ey Le 138 5 Lecmns (e dae Ui <l Sl Cilase
LaadlS s ) jall da o ol Sl Jaraall 8 aSail) Ao g 5Ll alidy (o2 aaall Huss o e Lol )

» Low density:

Gas particles are far apart from each other, which explains their low density. However,

their density can be decreased or increased simply by changing the volume the gas

occupies—by adjusting the pressure, the temperature, or both.

) A LA .

o Bl Gty cpilate Jslan 0 sS o5 K Gmand) Lans a1 5e¥1 5 TGRS LG S qaan

S ) 5L L) pranas Laa cllle & jas ol jatiy 1 3ac Lite 4 ) il ) o ) s s s Slall g 58

Ll Sall G dlald D gas D g g

= Miscibility:

All gases can mix completely with one another to form a homogeneous mixture,

regardless of the type of gas. This occurs because gas molecules are very far apart and

move freely, allowing complete mixing without any boundaries between components.

(Bl g plaaiy)  w

Dl il Gp Q3N (58 G clasall (5 ouS Al Y 15k i el AS el 4 Hlail

Gl e S G ) 4 i (3 lSal (S s A peas lapanll oda i gl Aadmia )5S ASS
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= Diffusion and Effusion:

According to the kinetic-molecular theory, there are no significant forces of attraction
between gas particles. Thus, gas particles can flow easily past each other. Often, the
space into which a gas flows is already occupied by another gas. The random motion of

the gas particles causes the gases to mix until they are evenly distributed.

Diffusion is the term used to describe the movement of one material through another.
The term might be new, but you are probably familiar with the process. If food is
cooking in the kitchen, you can smell it throughout the house because the gas particles
diffuse. Particles diffuse from an area of high concentration (the kitchen) to one of low
concentration (the other rooms in the house).

Effusion is a process related to diffusion. During effusion, a gas escapes through a tiny
opening, as shown in Figure 5-2.

e Gas1 ® ¥ Gas 2
» ’ 3 ® © 5 &
s o, &
e \ o - =
’ o °: = % ° e
. . . [ o o L 2
o= I 2’ o C =
@ C =0 o =
o © & °
L ® L - o 2 )
@ o %o 1t ®
o @ L o & ° o
¢ o
o -
[ ° L X -
") Y S &8
L J o P » SN
Diffusion L&y Effusion (sl

Gaxill § HLamy) 5.2 JA)
Figure 5-2: Diffusion and Effusion
cJazall s o dals G yurie dan b 485 5 A8De Cld Gl ) al & o @ pan o WS clacall sda (e
) Ty Jonie JS i Lo 138 5 Al 5 canall g 6550 pall da 5
From these characteristics, we can realize that the properties of gases are closely related
to four important variables: pressure, temperature, volume, and quantity, which will be
explained in detail later.

Graham's Law Al o 5id
e.ma.ﬁj cl.@_um'é_)\);j\%_)dm:uﬁ“&‘)ls é&ﬁkﬂd“wgﬂhﬂc\ﬁheu\ﬁwuﬂeﬁ
Al de o Jara G AuuSe A8 2 ga g aliS) N8 g Bale 4ad da 3 Y Gl ) <l Hladl 580 Cuaay Ay jal

BIERETY
Thomas Graham conducted an experiment to measure the rate of flow of different gases
at the same temperature. He designed his experiment to flow the gases to a location
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where there was no substance. He discovered an inverse relationship between the rate
of flow and the molar mass of the gas.

A ) AU a3 ) e LS iy el (3805 de ju Jana o o Gy (8l Gla) s 58
Graham's Law of Effusion states that the rate of flow of a gas is inversely proportional
to the square root of the molar mass.

£

OSars AL (e gl 2088 Cllapall 355 Cua (ilapall ABS e Y1 Aa il LISY) de ju adiad
Aol Lsii 3 ) jall da )y ie Aabiaal) ) Lall 48 jal) A8 Las s Caa s
The rate of diffusion depends primarily on the mass of the particles; lighter particles
diffuse faster than heavier particles. The average kinetic energy of different gases at the
same temperature can be described by the equation:
KE = Y%mv?
A jal) AEUa)) das gie A88al) Slapeal) ellicg Sy AT ) Gl (e aliad el Glasa A1 la @lld aa
Sl idau siall dgaial) Lo e 585 O Gang ALEN Cllapuall s
However, the mass of gas particles varies from one gas to another. For lighter particles
to have the same average kinetic energy as heavier particles, their average velocity must
be greater.
Al Clapal) ¢y Uasd ALE ilapmanl) 5 3) ¢ ilaia 138 5 LY Jana o Wl alal e ¢ 538 Gakaia g
e LIS Jara (g A5 el Apaly 5 Ao A0S alal ja ) 55 aladinly oliSay Lewdi 3 ) jall a3 die
Graham's law also applies to the rate of diffusion, which makes sense; heavier particles
diffuse more slowly than lighter particles at the same temperature. Using Graham's law,
you can write a mathematical ratio to compare the rates of diffusion of two gases:

Rate A Mg
Rate B |M,
toh bad dsosall AlaY) A 54 G
Exercise 5-1: Choose the correct answer from the following:
Ol Jle pud Jare b 4 mL/s Jara 5 s 4 A (pa s yuel) a5 50 S8 ity ]
faadal) ey IR
1. Hydrogen bromide gas leaks through a small opening at a rate of 4 mL/s. What
is the rate of methane gas leaking through the same opening?
a) 1.78mL/s b)9mL/s c¢)18mL/s d)24 mL/s
4 sall ALY o)y Sl S A6 Sl LIS Ao juny 43 )l8a 5 ja].414 o Ll de o 3l Hle 2
?d}@é.&l‘ j\.:'d\
2. A gas whose diffusion speed is 1.414 times that of sulfur dioxide. Calculate the
molar mass of the unknown gas?
a) 16 g/mol b)32 g/mol c)64 g/mol d) 128 g/mol
Pressure bl
L@M@Qw\ 0l ‘:M E‘)A:\MAZ\S‘)AL’;LJLD Gl g Q\‘).Jéc &)33-’ ¢l sed) O 6#1‘@5
15 iy el s (5 8 & sana Sy b a5 A 5y alial S L Aol xlauY) gay anl
RISTES
As we know, air contains gas atoms and molecules in constant motion. These particles
collide with each other and with surrounding surfaces. Each collision produces a very
small force, but when the forces of all these particles are combined, they quickly add
up to produce a large effect.
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The result of the constant collisions between gas atoms or molecules and surrounding
surfaces is what we call pressure. This pressure enables us to drink through a straw,
inflate basketballs, and breathe. Pressure differences in Earth's atmosphere also generate
wind, while pressure changes help us predict the weather.
dalue o Ao suie Sl Cilagun adlad e AUl (F) 58l 4l ca%ads Slall 4y sy o3 (P) bl Ll
4 palaal s (A) cla...d\
The pressure (P) exerted by a gas is defined as the force(F) resulting from the collision

of the gas particles divided by the area (A) of the surface they collide with:
F
P = Z
Q@md&caﬁuﬁa‘w#@)w\ﬁwam&)b@sMJwgﬂ\L&A\M"mﬁcgme
Jariall (ed) g Aalie as g JSI3 g8l Cuzasdil ¢ )
Therefore, the pressure exerted by a gas sample depends on the number of gas particles
in a given volume, the fewer the gas particles, the lower the force per unit area, and the
lower the pressure.
Measuring Atmospheric Pressure s vl Ll

(Hg) G55l (e pass G adoh il colsell (e § sie ala) sl st 5 ¢ jia sl (g sall bl gy
3R s 03 N1 ) Il 3830 s e g sa) Lol gy 5-3 IS b e s LS
G530 3pee gy e 6 (ol ka8 o5 13,5 = oLl cye B i) 2Ll (325 30 AGESY |yl
aclii)) Juay elall (e 350 @i (59l baall (Sa «Jiiallis . 760 mm 51 0.760 m <& gl )

il o) ey Bl Ay (3530 3 3a 303 el 1365 110.3 m Jlsm
Atmospheric pressure is measured by a barometer. A barometer is an evacuated glass tube,
the end of which is immersed in a pool of mercury (Hg) as shown in Figure 5-3. The
atmospheric pressure on the surface of the liquid mercury pushes the mercury upwards
inside the evacuated tube. Because mercury is very dense (13.5 times denser than water),
atmospheric pressure supports a column of mercury about 0.760 m or 760 mm high. By
contrast, atmospheric pressure supports a column of water about 10.3 m high. This makes
a mercury column a convenient way to measure pressure.

3 91)5
z'/ Vacuum
B3 50s daiia

Mercury column pressure

760 mm $ et dasall

Atmospheric pressure

mnmuWHim

2030 yia gl :5-3 Jsdl
Figure 5-3: Mercury barometer
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The height of mercury is determined by two forces: gravity, which exerts a constant
downward force on the mercury, and the opposing force, exerted by the air pressure on
the mercury's surface, which pushes it upwards. Air pressure varies with changes in
temperature and humidity.
Gl e slae U U8 e il Juatia (333 e (0585 ¢ gmanal) il Jaiem ull a235f 31 i gilal)
S5-4 JSEN (8 ia ge oa LS
A manometer is an instrument used to measure the pressure of a confined gas. It consists
of a flask connected to a U-shaped tube filled with mercury, as shown in Figure 5-4.

Patm Patm Patm
Pgas Pgas Pgas
7 i3
P.
Hg H
Hg * £
e N ~/
_ Pgas >P atm Pgas <P atm
Pgas =P atm — —
Pgas_Patm+PHg Pgas_Patm'PHg
(a) (b) (c)

sl bl gy Sl han gl haal ge 58T el b gsadl haall e B ) bk
The gas pressure is equal to ~ The gas pressure is greater ~ The gas pressure is less than
atmospheric pressure. than atmospheric pressure. atmospheric pressure

Cahall # giia yia gilall alasiuly Sl v (ald 154 JSal)
Figure 5-4: Measuring gas pressure using an open-ended manometer
858l Ll 3aa 5 e JISl Baa g il M5 | (Pa) JWSul (o Jaal) (bl 325 () Jaal) (b cilaa g
<l 3 Ly (1Pa=1N/m?). e yie JSI Gisn anlg 358 Slaie JWUL 3aa 5 (g sladis (N) (o daallall
il ) i) s gl 32505 o slall (he 5 S Y lae
Laall Jauns ¢ (psi) A da s IS JUa)Y) aae 4l e Jaiall ¢ guudigal) Jan cJBall Qs (ad
i GloAl lias s ollia s (mmHg) 4 ) < ialally <l yiagilal) il jia gLl aladialy GulEl
((bar) )b 5,3V (torr) Lt Lealas)
Pressure Units: The unit of pressure is the pascal (Pa). The pascal is derived from the
international unit of force, the newton (N). The pascal is equal to one newton per square
meter (1Pa = 1N/m?). Many fields of science still use traditional units of pressure.
For example, engineers record pressure as pounds per square inch (psi), and pressure
measured using barometers or manometers is recorded in millimeters of mercury
(mmHg). Two other units are known as torr and bar.

Converting between pressure units Laall Qs g G 3l
1 atm =76 cmHg = 760 mmHg =760 torr =1.01325 bar = 101325 Pa = 101.325 kPa
Real Versus Ideal Gases il ) Jilda Aadald) Slad)
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Ideal gases follow the assumptions of the kinetic molecular theory you studied earlier. The
particles of an ideal gas have almost no volume, occupy no space, and there are no forces
of attraction or repulsion between them. They do not attract or repel each other with the
walls of the container they are in. These particles move randomly in straight lines until they
collide with each other or with the walls of the container they contain. These collisions are
elastic, meaning the kinetic energy of the system does not change. An ideal gas follows the
gas laws under all conditions of pressure and temperature.
LS (ilad (5 58 s m 535 ¢ im0 ()5 o L) Ul ilopand ¢ i Sl llia (a3l i (S0,
& b Al alina s Gl e e U e 5 Lla £ e ciladbial o ele sl (s Lo e ciladbadl ¢
Sl 5 a5 ad Al lbead) G LS 51 al da 5o g el (e daad g il o U Ll
A pail il s
However, in reality, there is no such thing as an ideal gas. Gas particles have small volumes,
but they do have attractive forces between them, and collisions between them and the
container are not perfectly elastic. Nevertheless, most gases behave like an ideal gas over
wide ranges of pressure and temperature. Calculations using the ideal gas law approximate
experimental measurements.
LS sl 3 Agiial) ) Jlall alime pad € 5a 0 Al pe alaaiedU lia e Ul Sl (56 0 6 e
sl syl e @l JE Jasus lad izl 551 jall Cla iy Jlad) Taiuall i G S oo
58 O i 108 5 AS all dilapn A8Ua (a8aH (g yiaill Sle 3 ya Cilad palédil vie y JBsal) 5lal)
IS GlS 55 5) yal) da o (i Ladie 5 LS shu (3 355 Lelaa Lo e Cilasusal) o3 (g Gl
ol S e Tall 3al 5 Jeny il AN &l Wl s ) e by s Sl B3 adal) Slal)
(lapn AL 3 paall Jlab] (Saall yi (g iy s cary (00 Lpans B e Atlasea la)
(B8 baaal G 23 1) il (- Gl Ly - dpidall Gl el J e
When is the ideal gas law not suitable for use with real gases? Most real gases deviate from
the ideal gas behavior at high pressure and low temperature. For example, Nitrogen gas
behaves like a real gas. As the temperature of nitrogen gas decreases, the kinetic energy of
its particles decreases. This means that the attractive forces between these particles are
strong, affecting their behavior. When the temperature drops sufficiently, the real gas
condenses into a liquid. Propane also behaves like a real gas. Increasing the pressure on the
gas forces its particles closer together, until the volume occupied by the particles becomes
negligible. Real gases, including propane, turn into a liquid if subjected to sufficient
pressure.
LS bl Sl il (0 5 i Al 3y 4S s 8 Uil Lea (335 ) o) rh i35
Cini o b€ Al e L Glasea G 0588 G G e ST QAT o el Ay
V1A 055 JSEN 8 LS AuSiiling g 5eS @Mad (5 g8 (any ga Lgany Akl il AdlALN ol HhaY)
(C4Hp0) QU sl ?;AJ\ 3_nSll Akl pe Gl Hlal) Glasua Jali g Sl Sladl & gl Aglasl) ) jlall ellos
e ) 3¢l (He) psliedlS aaall 3 a Jle Glapun o Jilas 220 alidy (3 jall (e ST s
Bl Sl Glasa e ST @ sludl e sl )5 Sl 5l Cilagus
The nature of the particles that make up a gas influences its behavior in an ideal way. For
example, the attractive forces between the particles of polar gases, such as water vapor, are
stronger than those between the particles of nonpolar gases, such as helium. The opposite
ends of the polar particles are attracted to each other by electrostatic forces, as shown in
Figure 5-5. Therefore, polar gases do not behave like an ideal gas. Large, nonpolar gas
particles, such as butane (CsHi¢), occupy more space than an equal number of small gas
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particles, such as helium (He). For this reason, large gas particles tend to deviate from ideal
behavior more than small gas particles.

The Gas Laws <l JUad) ¢y g8
ol sl eaa atius ) (ailiad ( day 55 Al dpaly 1) ol 8l e Tade (i et ) 120
Bl GLES) Sy e il 038 il JDA (pa g ciboall cald el Jall pailad (uldl dlin Cy jal o jlad
Bl o gm sl AR5y By gy el iy ey BN 03 (e L Lle 5 ¢ailiadl) el (G dpualy
(Sl
In this section we will consider several mathematical laws that relate the properties of
gases. These laws derive from experiments involving careful measurements of the
relevant gas properties. From these experimental results, the mathematical relationships
among the properties can be discovered. These relationships are often represented
pictorially by means of graphs (plots).
Boyle’s law Jigs G5

J cia J88 el alasinly el e sl ol sl dass ey sl Y (e (5 5l

(5-5 JSall) 48 sl aal e (3l
Irish chemist Robert Boyle conducted the first quantitative experiments on gases using
a J-shaped tube closed at one end (Figure 5-5).
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Figure 5-5: A J-tube similar to the one used by Boyle. When mercury is added to the tube,
pressure on the trapped gas is increased, resulting in a decreased volume.
o) sed) Apal anall b Jariall e Juals Gf aa g5 Aean s seanall Sl Jarca G A8l Jyso (0
Al ) gandll
Boyle studied the relationship between the pressure of a confined gas and its volume, and
found that the product of pressure and volume for a confined sample of air is constant

Al gLl 13 Jiiad S

This behavior can be represented by the equation:
PV =k
Baa% 8l pa Aa o die o sell e Apd Aal B £ Cia cisr 518 o Lo s
This is called Boyle's Law, where k is a constant for a given sample of air at a given
temperature.
inie ¢V Jilie P e Sl au )yl e J 5V g il JSE Gudlinh (il Gpana )y iy Jaso 0538 Jiial (S
U5 il )iy Jarall (il o aif Jaa il ans 50 138 ) lailly (526 S 60 50 ol ansd
Lacall (n dale A83e llia (s AT 3 5Ln (48.0 Y 24.0 () paall Cacliay ¢(29.1 ) 58.8 ()
ol
Boyle’s law can be represented using two different graphs. The first type of graph, P versus
V, forms a curve called a hyperbola (Figure 5-6). Looking at this graph, note that as the
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pressure decreases by about half (from 58.8 to 29.1), the volume doubles (from 24.0 to
48.0). In other words, there is an inverse relationship between pressure and volume.
S e agle @) (P) Jaiall ge LuSe iy Slal) (e a3n 1aS (V) paa O e dase sl paty
REBIBERESE
Boyle's Law states that the volume (V) of a given quantity of gas is inversely
proportional to the pressure (P) exerted on it at a constant temperature.
ke danll s (058 i 35532y il s (0n 53l le ) pemal) (5
The second type of graph can be obtained by rearranging Boyle's Law to get:
v=toil
P P
2 A e afieal) badl) Adalaa o
It is the equation of a straight line of the type:
y =mx+b»b
b=sm=ksx=1/Psy = V/sﬂ&\o&‘;.ﬁﬁhd\kﬂﬁéb\ﬁ:\ﬁ b s ¢Jid m Jiay S
JSal) (3 LS jhm Andalis Al Ungitona Ut an) (s g0 iy o033l ] /P e V o)y 08 M5 0
(5-7
where m represents the slope, and b represents the intercept of the line. In this case,
y=V,x =1/P,m = k,andb = 0. Thus, plotting V versus 1/P using Boyle's data
gives a straight line with a zero intercept as in (Figure 5-7).
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Figure 5-7: A plotof V versus 1/P gives a straight | _. : ) ,
. o Figure 5-6: A plot of P versus V shows that the
line. The slope of this line equals the value of the .
volume doubles as the pressure is halved.

constant k.
DUl A€ el 55 ) padl As a sy S JSEy i aaal) g Jaraall (e JSU 82 el il G (e a2 1) e
s e (5B iad e G Asal A8 130 6LS AaeS Ll (5 gt V (8 P el Joals (1
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Although the individual values of pressure and volume change significantly at constant
temperature and constant gas volume, the product of P and V always equals a constant
quantity. Therefore, for a sample of gas under two different conditions at constant
temperature, it is:

PV, =k
PV, =k
(Y sl e bualy ) dis o sil8 oo el (S 1
Therefore, Boyle's law can be expressed mathematically as follows:
PV, =RV,
aaall g daical (s AanSall 8 5-8 JSE
Figure 5-8 shows the inverse relationship between pressure and volume.
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P v, = (1 atm)(10 L) PV, = (2 atm)}(5 L) P3V; = (4 atm)(2.5 L)
= 10atm-L =10atm-L =10atm-L
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Figure 5-8: When the external pressure on the piston of the cylinder increases, the volume of the gas inside the
cylinder decreases.

:5-2
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soloallds jo ol an 5 caaal) Alage abun 2 S5V 350k Jsmm 50 0.5 L 4sas ¢ 18 (3552 Jabs 2aailly jlall
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Exercise 5-2:
A sample of an ideal gas of unknown volume was placed in a flask with a valve and
under one atmosphere of pressure. When the valve was opened, the gas was allowed to
expand into an empty flask with a volume of 0.5 L connected to the first flask by a non-
volume connector. The temperature was found to be constant and the pressure became
532 mmHg. Calculate the volume of the first flask?

Charles’s Law Jubd g e
BJ\\);J\&;)JBJ\.}).} 22 Jw\euuihy&.\;cd‘)\)az\a‘).ﬁj )\.ﬂ\ e;;ug.\:\ﬁ)ﬂ\ d‘)\.u(‘d\.d\ '
Ay S (e Baane 4paS ana i 38 59 JSA 8 Gl shau) i 55 okl 5 5lad) ApeS 5 die
The scientist Charles studied the relationship between gas volume and temperature,
noting that gas volume increases with increasing temperature when the gas quantity and
pressure are constant. The cylinders in Figure 5-9 illustrate how the volume of a specific
amount of gas changes when it is heated.

1 #1 atm
— 600 mL
2
300 K
Vi 300mL V:  socomi
T, 150K ; 300K
=2 muUX =2 muK
= <old =l

oS Sl i ¢ Slad) Clapuad 48 ) A8l ol 33 400 shull) s vie $5-9 JSAl)
Figure 5-9: When the cylinder is heated, the kinetic energy of the gas particles increases, pushing the piston
upward
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Charles's law states that the volume (V) of a given quantity of gas is directly
proportional to its temperature in Kelvin (T) at constant pressure. Figure 5-10 shows
the direct relationship between volume and temperature in Kelvin.
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Figure 5-10: The relationship between volume and temperature in Kelvin.
) gl Sl ALy 0L 0508 e pmantl (e
Charles's law can be expressed by the following mathematical relationship:
i 1,
T,

Exercise 5-3: :5-3
$45% hiay aaall sl 4o 333 all As 3l 350 K3, a Axpd i 0.67 Lol laaa Jle Jady
A gas occupies a volume of 0.67 L at a temperature of 350 K. What temperature is
required to reduce the volume by 45%?

Gay-Lussac's law Ml gl - gl il
Glalakaal) axe 315 5 ) all A o Caadl ) WSS ¢ele gl ol jany Jlall Glasa alabial e laaall &34
aaall ey a1 13) Jarcall 30l ) (J) 8 ) adl A ja 80l ) a8 1A ¢l
Pressure results from the collision of gas particles with the walls of the container. The
higher the temperature, the greater the number and energy of collisions. Therefore,
increasing temperature leads to an increase in pressure if the volume remains unchanged.
S5-11 JSal G e sa 5 WS cdaiall e Uyl ol ddlhaall ) jall da o of el gl gla a5 38
Gay-Lussac found that absolute temperature is directly proportional to pressure, as
shown in Figure 5-11.

1.0L

Py 15atm 3.0 atm

7, 150K T 300K
= 0.01 atm/K = 0.01 atm/K
= o = cen
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Figure 5-11: When the cylinder is heated, the kinetic energy of the gas particles increases, leading to an increase
in their collisions with the vessel wall. Because the volume of the cylinder is constant, the gas pressure increases.

Libgll cilualyllg aglell slualgl 8




PR 9oLy
NSMO
(T)CAIIL 1Al a3 ae Bask caliy Sl (e 23as ke (P) b o e dlag! gla ¢ 588 (i
5pall da oy daicall (el a5 aua plal) A8 5212088 (e Laadly anall ¢y e el
Al
Gay-Lussac's law states that the pressure (P) of a given volume of gas is directly
proportional to its temperature in Kelvin (T), given constant volume. Figure 5-12 shows
the direct and proportional relationship between pressure and temperature in Kelvin.
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Figure 5-12: The relationship between pressure and temperature in Kelvin.
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Gay-Lussac's law can be expressed mathematically as follows:
P, P
L T,
:5-4 oy
31 all A o adi i () (o 688 <0.00°C3_))a Ao 2ie 30.7 kPa (s st S (e A L (S 13
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Exercise 5-4:
If the pressure of a sample of gas is 30.7 kPa at a temperature of 0.00°C, how much
higher in Celsius must the temperature of the sample be for its pressure to double? At
constant volume.

The Combined Gas Law < el alaldf ¢ gilal)

7= S WS el jlall Alead) landatll (e aall 3 aaall g3 ) jall Ax ja g Jaruzal) e IS i o (S
A8l 2day s g ) Jlall alad) ¢ g8 anle Slhay sl 5 () 538 8 Sl gl - sla O 5385 J LS 585 Jaso (o538
83 g2 gall ABBal) s BN Gl paaiall G dn g, el (e 83350 A aaall 95 ) jall dAa ja g Jarall
Bl da 53 ae Basky caaall ae bue Cality bainalls (5 Y ol il

Pressure, temperature, and volume can all change in many practical applications of gases.
Boyle's Law, Charles's Law, and Gay-Lussac's Law can be combined into a single law
called the Combined gas law, which defines the relationship between pressure,
temperature, and volume for a given quantity of gas. The three variables share the same
relationship as in the other laws. Pressure is inversely proportional to volume and directly
proportional to temperature.

i) sl e Gl y el el sladl o i e el Sy
The Combined gas law can be expressed mathematically as follows:

PV, PV,

T T
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The Combined gas law helps you solve problems involving more than one variable. It
also provides a way to remember the other three laws without remembering their
equations. The Combined gas law allows us to derive the other laws by remembering
the constant variable in each case.
:5-5 G
vie all La¥) anall (esil 13) ¢ saill Gle e e Jara Cacliaty S1a M 5l all 4 jo L
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Exercise 5-5:
What temperature is needed for the pressure of a sample of neon gas to double if the
original volume of the gas at -40°C was reduced to a quarter?
a) 116.5°C b) -20 °C ¢)-156.5°C d) 389.5 °C
Avogadro’s Law Sl g8l oy gid
Al 8 (Jsall) Dl sl A (Ll 5 5 ) ja dajo s die) Jle Ao aaa 5213 JSA) mua s
ApaSll 5 aaall (g Al 283l O (5 58 Of LSy
Figure 5-13 shows the volume of a gas sample (at constant temperature and pressure)
as a function of the amount of gas (in moles) in the sample. We can see that the

relationship between volume and amount is linear.
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Figure 5-13: Relationship between volume and number of moles.
O A sbaiiall agaall Gl 351 al) da ya g danall (e JS sl i 4l e paii dud B g il bl - )
O el aiiy s (3a0 Apalad ol Hlall Al 8 <l HAN (e 4wy el ) Sl adl e 4w el @lliag ) i)
(1) 3353 pall Al iy Y g 220 e Ba sl anlily o i Cme SE(V) s
Avogadro proposed that, at constant pressure and temperature, equal volumes of gases
contain the same number of molecules (or the same number of atoms in the case of
monatomic gases). It follows that the volume (V) of a given gas must be directly
proportional to the number of moles of gas molecules present (1)
1Y) sl e Gaalyy g ala g8 058 e paatll (S
Avogadro's law can be expressed mathematically as follows:
i 1

nq n, ) )
058 Ledie 5 Ao Legin 0688 Al (8 claguiany ae (pjle Jeli vie 43l (5,5 ¢ 5 pala sl (518 Caa
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According to Avogadro's law, when two gases react with each other, they are in a simple
ratio. When the product is a gas, its volume is also related to the volumes of the reactants
in simple ratios.

:omn sl Al s ge Gensouedl liyda Jeld e Lise¥) juasd (i il (Jial duw e s For
example, suppose ammonia is prepared from the reaction of hydrogen molecules with
nitrogen molecules:

Min

3Ha(g) + Na(g) — 2NHs(g)
3mol 1mol 2mol
i€y 33 s gl 0l JLall Y 50 230 e sl <l ) s i casnall 55 ) jall A )0 sl ie A3V
A oY)
Because at constant temperature and pressure, the volumes of gases are directly
proportional to the number of moles of gases present. We can now write:
3Ha(g) + No(g) —  2NHs(g)
3 volume Ivolume 2 volume
sasiall cpa s il s aa g uel) ) (E) Wise¥) danis o113 & Ganos il ) nassuel) aaa A
5-14 JSE0 8 munse sa LS D1 51402 rn (ke liiall)
The ratio of the volume of hydrogen to nitrogen is 3:1, and the ratio of ammonia (the

product) to combined hydrogen and nitrogen (the reactants) is 2:4, or 1:2, as shown in
Figure 5-14.

uug+‘_.r€(.€

3H,(g) N,(2) — 2NHa(g)

3 molecules I molecule —_— 2 molecules

3 moles 1 mole —_— 2 moles

+ + + 4+

I volume = 2 volumes

otbaasSl Jelail) b ) ana G A8l 15214 JSA
Figure 5-14: The relationship between the volume of gases in a chemical reaction.

3 volumes

The Ideal Gas Law Alall ) ¢y g8

Let's summarize the gas laws we've learned: lgale L jad Al Gl ) ) 8 paddi L

Boyle's Law: When n and T are constant Tsn st e 1dise o508
1
V «—

P ., - -~

Charles' Law: When n and P are constant Psn &gl aie (Jol o508
VT

Avogadro's Law: When P and T are constant Ts P Cssidie 15 pala 8l (538
Vaxn

«L.\_)Ld\ é}LMWJMJL&A‘;& (_JAAA.\.‘J:\.IM‘ 0l GAJLL\SA..}
We can combine all three expressions to form a single master equation for the behavior
of gases:

nT
V x —
P
nT
V=R—
P
PV =nRT
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where R is a constant of proportionality, also called the gas constant. The previous equation is
called the ideal gas equation, which describes the relationship between the four variables: P,
V, T, and n. The following table shows the numerical values of R in different pressure units:

L.atm

0.0821
mol. K

L.kPa
mol. K

8.314

L.mmHg 2.4

mol. K
r Al JSal 8 e ge LS LgidBlie a3 ) Adaguad) Sl (il 8 e (s sing A W) ¢ 98 Gl TaaY
Note that the ideal gas law contains the simple gas laws discussed as shown in the
following figure:

| PV = nRT |

constant constant constant

nand T h and P Pand T
nRT nRT il
V= V= V=
P > I
1
Voo p Ve T Voeen

Boyles Law | | Charless Law | Avogadro’s Law |
dige Osi JUMd gt s gbl sl
:5-6
oS \.J}.Q 6.0 atm&ibﬁu'aj 70_O°C3)\)A:t+).).i\c _\;\J}Jw ;b)&d\)wB)AO\)Lﬁ
icwald B jlall oY ge 220 Cara A jlall Y ge 22e
BsAop )W eSO e g
L8l b ol e Sle JSisall sl b
Exercise 5-6:
Two gases A and B are confined in a container with a volume of one liter at a
temperature of 70.0°C and a total pressure of 6.0 atm. If the number of moles of gas A
1s twice the number of moles of gas B, calculate:
a. The number of moles of gases A and B.
b. The partial pressure of each of the two gases in the mixture.
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The Ideal Gas Law - Molar Mass and Density 43Ul g 4. gal) 4L - Al ) ¢ 6ild
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The ideal gas law can be used to find any of the four variables P, V, T, and n, if the other three
values are known. The equation PV = nRT can also be rearranged to calculate the molar mass

and density of a gas sample.

10 ) w355 L Aigal (M) Al el GBS sl 1 il a1 ¢y 5t 5 A gl ALY
Molar Mass and the Ideal Gas Law: To find the molar mass (M) of a gas sample, use the

following law:
_ mRT

PV

(0l aadi e Al (D) ALY sl o Jlal) ) ¢ gild g ABUSY)

Density and the Ideal Gas Law: To find the density (D) of a gas sample, use the following law:
MP

RT
Dalton's law of partial pressures Ay sl b gudall ) gilla (58
5 s S 3 e daglad KU dascall A Jad) Ja grudall ¢y g1l 0 gy e () 538 A8 Lpay (o 5l Al

Loy Jelis pon o Lot llal) 3 5l OS0 iy 5l Ja gl ¢ gene
Dalton formulated a law called Dalton's Law of Partial Pressures: The total
pressure of a mixture of gases equals the sum of the partial pressures of each gas
in the mixture, provided there is no chemical reaction between them.

BJ\M\@JJ}M\QQ Pr=Pi+P,+P3+....
\‘ulume and \L‘ll]p{‘l(llurc are constant
N P —
M) € £
|
‘ < ‘ Combining g L
g 2
— =2 : O Are—— wases —
@ ® @ ® F o 9
y L A & ® ]
c 3 ® 0
> ® . » © a®
P r Pr=P, + P,

A adl b gzl () ills ) 9l Japlads e 6515415 JSA)
Figure 5-15: Schematic illustration of Dalton’s law of partial pressures.
A8 (o X Sall sl oy P IS Jaiall Gn shaey 3le N1 Py 5 bl Jniall slay] (a5
The partial pressure P; of each gas can be found by knowing the total pressure Pt
and the mole fraction of the gas X; from the relationship:
Pi=XiPr
:5-7 quu

C3Hs (2 0.116 mol s CoHg < 0.421 mol s CHa ¢« 8.24 mol Ao s 5ia3 oandall jlall (e die

$C3Hs Olsod) Jal Sl laacall a8 & Leé 1.37 atm (sl I el Ladad KU Laauall (S 1)
Exercise 5-7:
A sample of natural gas contains 8.24 mol of CH4, 0.421 mol of C;Hs, and
0.116mol of C3Hs. If the total pressure of the gas mixture is 1.37 atm, what is the

partial pressure of propane gas C3Hg?
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Collecting Gases over Water slall (398 <l jlad) an
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When the product of a chemical reaction is a gas, the gas is collected above water. For
example, suppose we use the reaction of zinc with hydrochloric acid to produce
hydrogen gas:
Zn(s) + 2HCl(aq) — ZnClx(aq) + Ha(g)
sl e 300 ¢ g ohel) Jle (3 aie 5216 JSAN (8 a sall Jie Jlea S i LiSad ¢ Slall apen]
@l s Yy elall e Jeliy ¥ aandll Sl o (al y) e 45 Hlall 038 a5 aanill 555 )8 8 aany g
Lxiall 8 Gl oLl jla & Jiay Jy G A8y Hhall o3¢0 pendll (g el Jle S Y elall b aie dpaS
relall iy i s ol ook oo Geoleall ruall ¢ gana (g sl S
To collect the gas, we can set up a device like the one shown in Figure 5-16. As the
hydrogen gas is formed, it flows through the water and collects in a collecting flask.
This method assumes that the collected gas does not react with the water and that no
amount of it dissolves in the water. The hydrogen gas collected in this way is not pure;
it mixes with water vapor, so the total pressure equals the sum of the pressures exerted
by the hydrogen and the water vapor:
) PT = PHZ + PH20 o
AUl S AeS Gilus die el s e Gﬁ\.ﬂ\ Laall Hlueall 30 Gl oy ey e clug
Therefore, we must take into account the pressure exerted by the water vapor when
calculating the amount of oxygen produced.
& J Ve J ¢

~H,

Hz(g) + H20 (g)

slall (358 Jlall pen :5-16 JSil)
Figure 5-16: Collecting a Gas over Water
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Exercise 5-8:
Oxygen gas produced by the decomposition of potassium chlorate was collected
over water. The volume of oxygen gas produced at 24°C and an atmospheric
pressure of 762 mmHg was 128 mL. Calculate the mass of oxygen collected.
Consider that the vapor pressure of water at 24°C 1s 22.4 mmHg.

Gas Stoichiometry <) 6l Allatal) bl
Al Jad i) il 5 e liiall (el jaldly) JISI 5 (J sally) eSS 28l o) 32 Y] 3 Ladia
u_\\_\.ASS\ O CEMal) ?\J;A.\.u\ LuSA.\ M_}_)L’J\ \.@.ﬂ\; Q’_% C_a\}.\l\ j\ /} Sle el 35.1 Lqmj 4.\)5\5.13\ u\.\w\
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In the previous sections, we used the relationships between the quantities (in moles) and
masses (in grams) of reactants and products to solve stoichiometric calculations
questions. When the reactants and/or products are in their gaseous state, we can also use
the relationships between the quantities in moles (n) and volume (V) to solve this type
of question, as shown in the following diagram:

Jeliid) s il s
(pa> 5l el ja) Jelatal &Y ga Ll Y e (pa> 5l Sl ja)
Amount of - Moles of — | Molesof | — Amount of
reactant (grams or reactant product product (grams
volume) or volume)

:5-9 s
Exercise 5-9:
NaN3 S 1) 5 bl alabaal 55 bl 458 sell (€Y1 8 (NaN3) o seall 205 a2dioy
PP
Sodium azide (NaN3) is used in car airbags. A car collision causes the NaN3 to
disintegrate as follows:
2NaN3(s) — 2Na(s) + 3N2(g)
ol 8 lalaal A sl 2la s e G () (o ol 80 sl (lSY1 el ey sl e iy
NaNj3 = 60.0 g <S& (e iUl 823 mmHg 5¢80°C e Ny Sl ana caval 5530 dga (1
The released nitrogen gas inflates the airbags, separating the driver from the car's
windshield and dashboard. Calculate the volume of N gas produced at 80°C, 823
mmHg, from the disintegration of 60.0 g of NaNG.
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:5-1 X
Exercise 5-1:
1.b

2.b

:5-2 u i
Exercise 5-2:
Vi=1.17L

:5-3 qu
Exercise 5-3:
T,=1925 K

:5-4 u
Exercise 5-4:
T, =273 °C

:5-5 @
Exercise 5-5:
-156.5 °C

:5-6 X
Exercise 5-6:
a. n(A) =0.142 mol and n(B) = 0.071 mol

b. PAo=4.0 atm and Pg = 2.0 atm

:5-7 qus
Exercise 5-7:
Ppropane =0.0181 atm

:5-8 cu
Exercise 5-8:
m(0O2)=0.164 g

:5-9 u
Exercise 5-9:
V(N2)=37.0L
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Intermolecular forces i ) G s 68
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Intermolecular forces are the forces of attraction between molecules. They are responsible
for the non-ideal behavior of gases, and their effect is stronger in the liquid and solid states.
There are also other forces called intramolecular forces, which hold the particles of a
substance together through ionic, covalent, or metallic bonds.
Intramolecular forces keep the atoms bonded within a single molecule, while
intermolecular forces are responsible for the general and physical properties of a substance,
such as its melting and boiling points
JE il il A 5300 48U G aa8 A Sad) Jasl i (5 58 (g Clmaal At sall G (5 580 (8 cale JS g
(Olall da 5o die clal) (e Jse paal A8 4] KT Sliad ailiy ja Jaks a5 )l o1 A 33U 48U (g
oSt sl e iy ) oLl m 3 1 5l 930 K ) i Lits OH 5.5 () o1 (515
5l (5 581 e il A 3501 AL 3L 3haaf i €l i i 5 syl ot s 5805 58 500
Cm o8l e pa ST A Balall Ay el G (o 58 A il 1Y) S A 5Ll A ) saladl Jga off J8
e Ll iy 13 5 B 53l (e da s e el A sl e daa of ias 138 B salall iy all
AMay e 5 etV A o o)) decans e Gl al) sl 4 gaa @lia il LSS ¢ jlgaiy) da
Al On sl Aag Baly o salall jlgai¥) da )
In general, intermolecular forces are weaker than intramolecular forces.
The energy required to vaporize a liquid is therefore much less than the energy needed to
break the bonds within its molecules.
For example, about 41 kJ of energy is enough to vaporize one mole of water at its boiling
point, but breaking the two O—H bonds in one mole of water requires about 930 kJ.
The boiling points of substances reflect the strength of their intermolecular forces.
At the boiling point, a substance must be supplied with enough energy to overcome the
intermolecular forces before it can change into the gaseous state.
For instance, if substance A has stronger intermolecular forces than substance B, then the
boiling point of A will be higher than that of B.
The same idea applies to the melting point: the harder it is to separate the molecules from
one another, the higher the melting point.
In general, the melting point of a substance increases as the intermolecular forces become
stronger
O Adliaal) £ ) Al 5o Lle oy ddlal) Al o A gl Al 8 CilS ) g 3l sall (gl 53 A paal g
el (5 8 Lo () il allay Llaad s il (g 68 5 ccaladl) Al (5 6l) 1 a5 ¢y hal) G (58
T U5 T pemlind) im0 48550 O ol 15 05 581 (o 5 gm0l )l 5
To know the properties of materials, whether they are in a fluid state or in a rigid state, we
must study the different types of intermolecular forces, which are: dipole, dispersion forces,
sometimes called van der Waal forces, and hydrogen bonds, which are the strongest types
of intermolecular forces, because only some elements are involved in them.
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Dipole forces are the forces of attraction that exist between polar molecules, that is,
between molecules that carry polar momentum, and the basis of these forces is electrostatic.
Lol cdbeall salall & ddadl) iy jall oladl 6-1 JSl) jeday 558l o2 dad il ¢ ahaill a3l 0 ) LS
Om it Sl ) Jsasll oy of 58 peally didiall (g LS dlulaia JS8 6% Y 4ild Jil gl b
Lo ddy Hhay gdlilaal JUA (e Gy 3ol
The greater the polar momentum, the greater the value of that force. Figure 6-1 shows
the orientation of the polar molecules in the solid, but in liquids it is not as coherent as
in solids, and the important thing is that the greatest attraction between the molecules is
reached by aligning them in some way.

alail) A0 iy sl Caldlanal:6-] JSA
Figure 6-1:Alignment of dipole molecules

Dispersion Forces il g 68
ALK 3 diige dal)) e ddmaall (58l oda gty Aphadll pe il jal) o Las ddmn Qe (58
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These are weak gravitational forces that arise between nonpolar molecules, and these weak
forces are caused by a temporary displacement in the density of electrons in electronic
clouds, and the scattering forces are sometimes known as the London forces, after the
German-American physicist Fritz London, who was the first to describe these forces.
Lo ¥ g - AY) (e Laaaal Gl e o i Ladied 400 ¢ 5SKIY) Canal) JA08 Al il g iKY AS ja o Cuag
WS maatd AV s 3all Ao K Cnidl ae LT LadaaY A5 5SIY) Cnd) b leganbiad 2ic
A8 o (5 a JS JSd (s AY) G g (B S Ay Y Alas JST- Aaall g1 - 3153 JS Jm il 5 sl
clinil) ghlie G A CHii o 08 LIS (any (pe Lguiany 438 pall (U il (ol 81 dic 5 208 e Ayl
ol Al daliadl)
Since the electrons are always moving within the electron clouds, when two molecules
come close to each other, especially when they collide, the electron clouds of one of them
repulsively with the electron clouds of the other, so that the density of electrons around
each nucleus becomes even momentarily greater than the other, forming a temporary
dipole. When the temporary dipoles come close to each other, weak scattering forces are
created between the different charge regions of the dipoles.

\ 2\
6‘ ‘;....C.'.'.... 6- 6' :‘
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8 gl Al s ) (5 B 3 ol 162 IS

Figure 6-2: Attraction in the scattering forces due to temporary polarity
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The scattering forces arise between all the particles, but they are affected by the size of
the particles, as they are weak in small particles, so the larger the particle size, the
stronger the scattering forces become, and their effect increases with the increase in the
molar weight and thus the number of electrons. For example, the dispersion forces
between iodine molecules are stronger than the dispersion forces between bromine
molecules in the halogen group.
6-1 JLa
ALY LS el s O B2 sl Dl sall o 58 (g 1580) £ 5 L
Example 6-1
What are the type(s) of intermolecular forces between the following pairs of
compounds:
CsHs <NH3 (d) I»,NOs3 (¢) CBrs<«Cly (b) H2S¢ HBr (a)
CUaEY) s e 5 ke iy all o 83 s sall dlaill (o 58 (b (@Al lakad (LS 5 H,S 5 HBr (a)
il g 8 Adl)
LS (5 8 e B le Gl jall 83 ga gall (5818 N unlad e LS 36 CBry 5 Cla (b)
Al e el ) i) ookl e esia sed A Jilaie 3 M) U e 3a a5l NO3 5 I ()
i 5 8 oo 3 ke NO3 Osils I om 32 5a 5all
i il (o B A sall (o 8l ()5Sl ()] okl e CeHegs ¢ 28 NH3 (d)
A A sl 8 4 5a o s (21 5) g 8 SY 262 e
Example 6-2: Mention the type(s) of intermolecular forces in the following materials:
(a) LiF  (b) CHs (c) SO2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Hydrogen bond diia g yagl) Aday )
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il o g8 a5 ) sa ) i ALY aae g 8al ) lalid) Aa o 53l el s
The boiling point of similar compounds in a single group in the periodic table usually
increases with an increase in molar mass, and this increase in boiling point is due to an
increase in the number of electrons that increase the dispersion forces.
G Y s (B 6-3 JSA (B i ge a LaS BN o &l 14 Ao senall (B s pued) DS e )
Dbesall 138 171615 1 Dle sanall palic (o o s el CUS 5a
The hydrogen compounds in group 14 follow this increase, as shown in Figure 6-3,
while the hydrogen compounds of group elements: 15,16,17 do not follow this pathway.
oSe e (NH3cH20 (HF) <aa¥) LS all e W) gl da o 055 ecile sanall sda (ge Al IS 3
Lo A panall b (5 AV LSl ga & e LS yall 038 (ppp oilail (5 8 1 25ms 130 5 ¢ a5 Lan
O sou B3 e D Al bl AU (o 8 (e dald Al g i g el Adayl ) (558l o8 e
calei LS5 F-H 51 O-H sl N-H Jie 4kl ddayl 5l 8 LS ciglle 4l s j6S Q33 a3 )3 ae ddai 1o
s Jsaall a8 el W F e O« N @l gl
In each of these groups, the higher boiling point of the lighter compounds (HF, H>O,
NHs) is the opposite of what would be expected, and this is due to the forces of attraction
between these compounds compared to other compounds in the same group. These
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forces are called hydrogen bonds: it is a special case of dipole forces that occur with a
hydrogen atom bonded to a small atom with a high electronegativity, as in a polar bond
such as N-H, O-H or F-H. As we know, the atoms N, 0, F have the highest
electronegativity in the periodic table.
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Figure 6-3: Boiling Points of Hydrogen Compounds

This attraction can be written as follows: :3¥) JS&l e Cadlail) 13 iy of ¢Sy 5

N A
/O"-., \,-"O\
H, H H
po
H H

6-3 Jia
Colall e din sy Al ) 035 o S 48Y) LS all G (4
Example 6-3
Which of the following compounds can have a hydrogen bond with water?
Na® ¢<HCOOH <F ¢« CHs ¢« CH30OCH3
CH30CH;3 (e S 0583 38 (S5 el ae dian 5 3 4ol ) Nat 5 CHu e sl 058 O (8 Y g
slall ae dxin 5 )2 ddasl ) HCOOH ¢F- ¢
Solution: Neither CHs4 or Na® can have a hydrogen bond with water. But both
CH30CH;3 « F <HCOOH may have a hydrogen bond with water
A e Aan g 3 Ada) ) (53S0 O S V) LS )l (g g1 26-4 0
Example 6-4: Which of the following compounds can have a hydrogen bond with the same:
(a) CH;OH (b) CesHe (C) HoS o
Properties of Liquids Sl gl Ll A
gl Bigea Gl 53 ) (5255 iy Sl (o s S
Intermolecular forces lead to certain properties of liquids.
(il ) Gl A aal (1
The most important properties of fluids are:
Density 43Usy -]
@A) oLl Al 8 ) Jil sl AES (e e daliall o gall 8US G LaS el Al AES (e e Jil saall 435S
Al 3y 38 g celal) o Bl gilay Cua A gpudl a8 4S8US e J8T 0l Al 8 4s8liS ol Sy
Laany (pe <y Sl o)l ey 215 AN Mg (63 il iyl £l
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The density of liquids is higher than the density of their vapors, and the density of solids
is higher than the density of liquids, except in the case of water, which is characterized by
its density in the case of hardness is lower than its density in the case of liquidity, where
ice floats on the water, and this may be due to the orderly construction of the three-
dimensional ice, which prevents the convergence of the molecules from each other.

Surface Tension (bl 561 -2

5 98l Aiana (8 )M clgmraa CalalaiV) & duinll A4 jall (o 68l Jrdy Jilad) Jala <l jall Sda asl Ca ¥yl

Lo i) s ol e 3 iy sl g (o 5l 038 585 5 0l a5 Y il ) (i clasie 5 T im0 55
O elde uis} C.L....J\ Dbl ) ©25

It is defined as the attraction of molecules inside a liquid by intermolecular forces in all
directions, so the sum of the forces is zero. The molecules do not move, and these forces
attract the molecules on the surface downwards, causing the surface to compress like a
flexible membrane.

2228t eoes

b A pg\.t\L%g

k&i‘:tyk tt:\‘ @L&d\ )S)AM :6-4 JS...A\
6 POs S

“e° k‘g Coe @ . .
Pl Pooewts Figure 6-4: Surface tension
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Cohesion and adhesion (&bl g dlalail) -3
(sl 5 elall) dgaliiall iy 3l o Il a5 celulall s 68
(s elall) Agliiall e iy sall (@Il (e 8 jle (A5 (3l (5 8
Coherent forces, which are the attraction between similar molecules (water and water)
The forces of adhes‘ion, which is the attraction between dissimilar molecples (water and glass)
oy b LS st b o DI colall 8 LS el (5 58 (a ST Guadlill (5 58 i€ 13
e Jildl dans
o 8 058 581 (8 330 (5 sinse (8 3830 (o8 LS 3u i) 5 58 (e ST sl (5 58 S 13) Ll
Gm@bﬂ\chuw} ‘cbﬁ‘&&M‘
If the adhesion forces are greater than the cohesive forces as in water, the liquid will rise in the
pipe as it is and the surface of the liquid will become concave.
If the cohesive forces are greater than the bonding forces as in mercury, the level of mercury
in the tube will be lower than the level in the vessel, and the surface of the liquid will become
convex.
Viscosity 4a g3l -4
Ran @l WSy Aysmea ST Il s el e gl a3 WIS Gl sall el A slie
iy ol DSl i) Ay o) s il 300 LS A 5 00 8 ) )
It is the resistance of the fluid to flow. The higher the viscosity, the harder the fluid
becomes. The higher the temperature, the lower the viscosity. The viscosity is also
affected by the intermolecular forces and the shapes of molecules.
fluidity 4= sl -5
e Ua ale 3l sadl ol s calpaniW g LI LB Gy ¢ a) g el e il saall 5l 5lad) Caias
0555 13¢5 ecalani¥) Alee 3 iyl (s s s JA5 s Al 5 g 51yl i3 el A L)
) <l 3 e Ao gra JAT ) gl
Gases and liquids are classified as fluids because of their ability to diffuse and flow. Liquids
typically flow more slowly than gases at the same temperature due to the intermolecular
forces involved in the flow process; therefore, liquids are less fluid than gases.
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Solids alal) 3 gall

b4l gl calia S (e g sk lia e ke e A5k e 5 Ak 1) Abiall o) gal) Cliuas
iy 48 crla ) Jie sl e aleall Ll alaiie sia (S 40 ye cBa2ae ) g Ld 4l )0 f sl
S gl dyay ALY g sanal) a1 )
Solids are classified into: crystalline and non-crystalline. Ice is a crystalline solid, highly
arranged, solid, and its ions, molecules, or atoms have specific locations, arranged in a
regular geometrical order. Amorphous steel, like glass, lacks a definite arrangement
and long-term regularity as well.
Crystalline solids 4, shl) Al 3 gall
il B3y 5 cAdlidia 5yl A5 axa (3550 Ay 5 sl RS J213 ilapeand) 555 caleall 555101
S Ll (e e z3 g Jiad Capa st Ll Jamy Ay ) 51 A3 8 <A s 5 el
In a solid crystal, the particles within the crystal lattice are arranged to form a cube in
three different ways, and the unit cell represents the smallest arrangement of atoms in
the crystal lattice that bears the same symmetry, as it represents a miniature model of
the larger construction.
o 2l Leman aa (3 slaadll g AUSH 5 ¢ jlat) da a Jie 4y 5Ll o) sall al i g ¢ Al s 3l ()
b ey 53 ilST 8 pun el (s 8 5 T 55 sl s g 8 ksl Claguand G A T (58
Al sl cdpealid ol di ha ol sl
The structure and properties of crystalline materials such as melting point, density, and
hardness are all determined by the forces of attraction between small particles. A crystal
is classified according to the type of bonding/attractive forces, whether they are atomic,
1onic, molecular, covalent, or metallic.

4 sl dalall ol sall £ i
Types of Crystalline Solids
Al Al Alall ailad Slasall 3aa & sil
Examples Solid-state properties Particle Unit Type
palic
X - LT o C'_i\‘).ﬂ\ 40y
Group Soft to very soft, poor conductivity, low .
. ) Atoms atomic
Elements melting point.
18
Joa ¢ill 3403 5 (dnss Leail da j) (Ada ddia . .
NaCL | ian weing painh pour sl vt
KBr ’ > ST IMTINE POIIL, p Ions Ionic
conductivity.
*EI g s‘)\.g_.a.'\y‘;\.;‘)dgézﬁjuh eolll ddass gia
I , H>O d:‘*"}ﬂ‘ SEPNWEN ‘*—‘-‘-‘P
,CO2 Medium soft, varying in melting point, poor Particles Molecular
conductivity
_— . . . 2 ALl
)éjl(;g Very hard, }éi)gr?dumcetisﬁg point, poor Atoms are bonded | Network
2 Y- by covalent bonds | covalent
il g ST Le Jayssy il AN
LB)M:\LB‘M}\ASAJLQ_AAJ‘:\AJJ‘M‘;}M XSJAJ\E)A-“}Q\SAJ\
@1:\ Jaa 51 5 e el Atoms are 4%
J:').m‘ Soft to hard, varying melting point, surrounded by free- | Metallic
) malleable and ductile, excellent conductivity | moving valence
electrons

ibgll cilualyl aglall slialg

36




e dLe 9 O-ll1 °y
S MéWh?:: NSMO
2 Jlall s o) e Abiall alal) 35 2513 &1y slall Alla 3 1) i ST ¢ oS5 dabeall o) sal
i Gl Lavie (Saall (e g clguzany cari il AKI C  Ld 06S5 Y iy Sl s ol A ol (e s Jilud)
e Alall o) gall o8 o) A5k e Aaalll Alial) salall e slay g 3adsall Lgadl g o CAlIAT 28] 9o A
A Sl 8 Al ol i A ) gl (e S g Jalaall 5 s 31 e edy ) L)
Solids are more stable when crystallized. But if a solid is formed quickly (e.g. a liquid
cools rapidly), atoms or molecules don't have enough time to arrange each other, and
then they can be fixed in locations different from their specific locations. The resulting
solid is called an amorphous solid. These non-crystalline solids, such as glass, rubber,
and a lot of plastics, lack the usual arrangement in all three dimensions.
Mixtures & Solutions Jallaal) g Jaallaiall
AilanS Lpuailiady 4y 55 €S LG Bale JS 438 Ladiad ¢ ST 6l (iole (e o e 52 2da glial)
Mixture: It is a mixture of two or more substances, in which the material that was
involved in its formation retains its chemical properties.
Types of mixtures: shaallaall &‘353
souilatiall b glial) oY ol
el Ladlaall (o s el S (el (S W Cupmy S ) ) 40U 58 o i Ja glaa g8
Ll e Limy) Jas g 9o culall ccaliall g cudall Copat ST o cpiala e (o sSE dilaie Jadlia o Jalladll
(Al e ke g Y Al Balall 5 413 sale 53 Al Balall) s ) Aball 0Ll sed ol
sl Al 5l Adlal) e 13l ] 63 Sl 5 AL 5 Adoall Leiad Jallaall (e 32wk g ) 5if llia
First: Homogeneous Mixture:
It is a mixture whose components are so thoroughly mixed that its components cannot
be distinguished, mixtures are known as solutions.
Solutions are homogeneous mixtures consisting of two or more substances known as
solvent and solute, the solvent is the diffuse medium, while the solute is the solid
substance that dissolves (the substance that dissolves is a soluble substance and the
substance that does not dissolve is an insoluble substance).
There are several types of solutions, including solid, liquid, and gaseous, depending on
the physical state of the solvent.
oilaiall e b sliall 1\l
asilaiall e Ladlaall (e ol 53 @llin 5 4t S G Sl (S G (e 43U S 7 i Y Do glie 8
Second: Heterogeneous Mixture:
It is a mixture whose components do not mix together, so that its components can be
distinguished, and there are two types of heterogeneous mixtures:
alasinly clileal) Juad (Saall o  JEIL o gl Clagun (o ST b glacd) Clagun 1 aleal) Jaglial) -1
ol B ey jad 93 <8 513 iaaal g Giiada ) Jiadi g (5 38 all 3 dall 5 s ill g i i)
1- Suspension mixture: The particles of the mixture are larger than those of the
medium; therefore, suspensions can be separated by filtration, sedimentation, or
centrifugation. They separate into two distinct layers if left undisturbed. Example: mud.
DY ol i il ) Bas il 43l S Jiad Sy Vg s 55 Y e sl Aflagus 3 93 Jagliall-2
A 38l A e o Ay 5 pad) Tl (e o) 5l 3ae cllia g ¢ HLEEY) dass 5y o yad T glaall 8 1580 3
LY da gl
Glapall ae dass ol Cilapn adlal LS lgin Lo 48500 5 568 Qilad (5 8 3 g 0 45 jad) Ladlaall e
e Lan 5yl Cilaguan Ly o585 i i) piie AS )n A 5 i sal) AS ally i yay Lo spana 8 58
JEREApE
2- Colloidal mixture: Its particles are medium, they do not precipitate and its
components cannot be separated by marinating or filtration. The most abundant
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substance in the mixture is known as the diffusion medium, and there are several types
of colloidal mixtures that are classified according to the physical condition of the
diffusion medium.
Colloidal mixtures are characterized by the presence of electrostatic forces of attraction
between them, and the particles of the medium collide with the scattered particles,
causing what is known as Brownian motion, which is a violent random movement made
by the scattered particles, which prevents their deposition.
Factors Affecting Solvation Ol (2 8 55all Jal gal)
el Cilapuay ldall Gilapus Aala) dilee oo ol gdl)
Solvation: It is the process in which solvent particles surround solute particles .
8 535 A oY) g Agadal) LS ) (o an Gl clgaladl Cud il o lsill ddee 8 ac) sl aal g
r:}.gd}.aj\ Qhﬁi Mja.ﬁud\ A Gl k_\Uagi s (‘3 SJ)LJ\ chuu PN Gl (;\J.Lm\ d,})la oe celall
elall iy Ja adaat Ladind ccadlaill 138 Gaany Y 35 SulS iy jal) LS el (it Lasd 5 ey 5180 il gl
a3l Ll e s sadl (B daS 5 uell de gana s elall il Ja Cpm dain 538 Jand 5 ) (65 a3 ) L) mdany
bl e g kel e lall () G 62 LA Bac ) Gl judy g elall A oy
One of the most important rules in the process of dissolving is that solvents dissolve their
resembles, so we find that polar and ionic compounds dissolve in water, by colliding water
molecules with the surface of the crystal and then the electrodes of the charged water molecules
attract sodium ions and chloride ions, and in the case of molecular compounds such as sucrose,
this attraction does not occur, so when the water molecules collide with the surface crystal
hydrogen bonds are formed between the water molecules and the hydroxyl group in the
molecule. As for oil, it does not dissolve in water, and this explains the previous rule, since
water is polar and oil is non-polar.
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| o | I o
S il
om0 o_ H > M
H P HR N —0
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i sall 5 48 0¥ S ) (3 ol sl Aylae 1625 SN
Figure 6-5: The process of solubilization in ionic and molecular compounds

10 s (B 8 jiisall Jal g2l

O Sladlail S s g e Les Gl Liany e Slapal) Sy &l e a1l 5atl) -]

el il Clasas

Slasall g Gladbaill axe e 3 3 pdad) dalios 8330 3 mdand) 2alie -2
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Aol a5 el 5 J4 el el Leia s cs JAY) o) sall (iany (L o3 T V) ecilaabiatll & san Aoy (pe

Factors affecting solubility:

1-Stirring: The stirring process allows particles to be moved away from each other, which
speeds up collisions between solute particles and solvent.

2-Surface area: The increase in surface area increases the number of collisions between

particles.
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3-Temperature: The rate of dissolution usually increases with rising temperature because the
particles gain more kinetic energy, which leads to more frequent collisions. However, the
solubility of some substances, including gases, decreases as the temperature increases.

Adma byl s da 0 die cudall (e Badne S A QX ) S QI (e daaS 2l o Al

Solubility: The maximum amount of solute that can be dissolved in a specific amount of
solvent over a given temperature.

Mil

Aalide 3 ) s Gla o die N gall (e 0= Al Jiada 166 JSE
Figure 6-6: Solubility curve of a number of materials
at different temperatures
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Depending on the amount of solute present in the solution, we have three types of
solutions:
Unsaturated solution: contains less solute
Saturated solution: It contains the largest amount of solute dissolved in a specific amount of
solvent.
Supersaturated solution: It contains a greater amount of solute as compared to a saturated
solution.
The supersaturated solution can be prepared by preparing a saturated solution at high degrees
and then letting it cool gradually and slowly, the supersaturated solution is not stable, when a
crystallization nucleus is added to a supersaturated solution, the excess solute is deposited
forming crystals, as well as crystallization can occur by scraping the inside of the vessel.
Solubility of Gases <l Jlad) Al
3oloall Cila a3 e dad yall 5 jall Gla py die g KU ST P CpaaSY) @O Al Ja
Sl Ll 13a janadi aadatod Ja ABLL) Cludall A 413 4 5Ll o) sall asead a8 gia o sl 138 5 Aaddial)
il o vie ST A g Jslaal) e il i il ilapnll mand Ll Cilasad 4 jal) A8 of 3
(5B Il Aald i J glaall 3 ) ja Aa jo ) ) LalS Gllil g 2as yall 5 ) 5al)
The solubility of oxygen and carbon dioxide decreases at higher temperatures compared to
lower temperatures. This is expected behavior for all gaseous substances dissolved in liquid
solvents. Can you explain this behavior? Remember that the kinetic energy of gas particles
allows them to escape or escape from the solution more easily at higher temperatures.
Therefore, the higher the temperature of the solution, the lower the solubility of the gaseous
solute.
Pressure and Henry's Law AR Qg8 g bl
S L) Al @l Jslaall (358 Janall ol ) Lalka ¢ Jallaall & 200000 4 5ladl o) gall 20003 8 Janiall i
sl (g3 I (5o S T 5 5l e (5 5a3 ad thasall 138 e 2 ) il g sl aaind b sl
SN sl 30 5le Tk )5Sy (ol g pdall e i ie g (g gad) Jarall e e f o cand il
Al A @8l 5l dasall (g el ddal) Ja
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Pressure affects the solubility of gaseous substances dissolved in solutions; the higher the
pressure above the solution, the greater the solubility of the gas in any solvent. Carbonated
drinks operate on this principle; they contain carbon dioxide dissolved in an aqueous solution
under pressure higher than atmospheric pressure. When a can of carbonated drink is opened,
the pressure of the carbon dioxide inside the can is higher than the pressure outside the can.
JIdl (398 3 g2 gall (P) Slad) Jaiia e G pda G (S) Jilas (A Slad) Ay i ' e (g yia o 8 Gy
Slo Jstaall (55 @il sl Taaall Jomy eAilaa (g 5all g puiall 3y 9 )18 (5555 Ladind "5 ) jall A ya gl e

ok LS A3 o3 Jias (s Jlaal) 8 I3 ¢ SH 3] 5 e ol
Henry's Law states that "the solubility of a gas in a liquid (S) is directly proportional to
the pressure (P) of the gas above the liquid at a constant temperature." When the bottle
of soft drink is closed, the pressure above the solution keeps the carbon dioxide
dissolved. This relationship can be represented as:
S1_ 5
P, P,
Solution Concentration Jolaal) s 5
Jlaall s cudall (g 3asae 4aaS 8 I QI A0S o pany (ibie 1 slaal) 383
Solution Concentration: A measure that expresses the amount of solute dissolved in a specific
amount of solvent or solution
Gkl e e iy BeS gl (e 51 138 ) Uba s 385l o il (S 2 Sl g8 ) A
Il g i G 2133500 il Ay ol 3383 (S5 S 5SS e and 3
How to express concentration: Concentration can be expressed descriptively (concentrated
or diluted) or quantitatively using a number of methods that quantitatively express
concentration and the appropriate method for use can be determined depending on the type of
solution.

ol SE Mty
Focus Description

Mass of solute

Percentage by mass = — X 100 i ) i
ge by Mass of solution %m/mAbiKIlL 4, giall daual)
RS A i)l dl) = el AL % 100 Percentage in terms of mass
Jglaa) 4l
p tage b | Volume of solute 100
ercentage by volume = X i .
ge by Volume of solution 0ov/vaseaall & sal) Al
Gl as .
sl i il Al = p= % 100 Percentage in terms of volume
Jsladl ana
M moles of solute
~ liters of solution M (oY sl S 5l &Y al)
. e Molarity (molar concentration
(Y sall 38 5 B Y el = y( )
Al Jslaall s
moles of solute
m=
mass of solvent (kg) m (Y sl 38 ) 4V sl
. Gl @Y ga 220 Molality (molal concentration
(5l 35 5 249l = " v )
el shSIL ) Al
nNp
Xp=——m
Na + ng Q}d\ )MSS\
. (A) O3Sl &Y 5a 200 Molar fraction
(A)o3Sal (ol sl =

AL Sl apaad AV gall 22e & gana
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Example 6-5: :6-5J4

Ll e o sl sl (00 2,80 g (o (5 st sl sall 3y ) 51S 5 gausli sl iy 1S (5 5,00 g 43ES Lol

CLadall 138 8 o gl sall 2y 5L AHH 2 gial

A 5.00 g mixture of potassium sulfide and potassium chloride contains 2.80 g
potassium. What percentage by mass of the mixture is potassium sulfide?

A B C D
13.8% 19.2% 44.0% 96.1%
m; +m, =5.00g

39.10 x 2 39.10

2, =2,
3910 X 2+32.06 ™ T 7255 M2 = 2808

we get m; =0:99 gand mx =4:01 g.

099¢

5.00g
Example 6-6: 16-6 JUa
O 1.000 dm? 8 4aabaial cany ) ( RTP dnlad) cagpall vie ) dm? sas s Lisad) e ana L
£0.957 g/em? 4888 <l 1) Jlad) ans e €10 m/m% Jslae spaadl jlaiall oLl
How many dm?® ammonia gas ( under RTP conditions ) should be absorbed in 1.000 dm?
distilled water so as to prepare a 10 m/m% solution? what will be the volume of the

solution if its density is 0.957 g/cm?>?

X 100.0% = 19.2%

Colligative Properties of Solutions Jellaall daalad) (el i)
gt Gy 3l llaguun 23m 5 Jilaall A3 58 Gl 52 ¢ Jilaall daalad ol g3
Lol cdeatll da 0 & QmURY) (bl da oy b gLV o laal Daall & (mliaiy) e
REBTIW
Aggregate properties of solutions: The physical properties of solutions are affected
by the number of particles in the solution and not by their nature.
They include: decrease in vapor pressure, high boiling temperature, decrease in
freezing, osmotic pressure. )
A 18 53 LS Al Jllad) (g e 58 llia - Sl
303518 Jlia ¢ Al J gl Al dlaguss 200 a5 o il oS L o ) )5S0 ilie o) g -]
NaCl = 1 mol o= Y CI' 5 Nat Classal) (00 2 mol 55 o 533 goaall
ol Jslaall 8 g8 L Y sall aae iy (SLyeSU lall Jua 3 V) Ailic ye o) 5a -2
Let us remember: There are two types of aqueous solutions as we knew earlier:
1- Electrolytic ionized substances (conducting electric current), the number of
particles produced in an aqueous solution change, e.g. sodium chloride produces
2 mol of Na" and CI particles instead of 1 mol of NaCl.
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2- Non-ionized materials (do not conduct electricity) so that the number of moles

remains the same in the aqueous solution.
B il ‘”,A oalddy) Y gl

Glas sle 5 g3 alile pa Saliny 1 3 Al b ()5S Latie Jilal) iy cje i) Jaraal) a3 (g i) ebal
dﬂ\})&ﬂ\@cw&}ww\a& m)cﬁu&)ﬁj\ﬁh‘)dﬁ
b ) Slapen 230 ) LS eliall 38 555 cudall ApaS il iz Ul Tl & (2l
dall 5ol Tarazall (8 J slaall
First: Decrease in vapor pressure
Vapor pressure: The pressure produced by the vapor of a liquid when it is in dynamic
equilibrium with its liquid in a closed vessel at a constant temperature and pressure, at
which point the velocities of evaporation and condensation are equal.
Vapor Pressure Lowering: Assuming the amount of solvent and the solute concentration
are constant, the greater the number of solute particles in the solution, the lower the
solvent’s vapor pressure.

® «

) ) oo & Q)QO

) s e t-; )

PPl - e g ¥

;;B'&:‘-!“’b s&‘,& |
28553t 1N

oAl Ll x a5l o Gae Lat 2000 i) il yall Gy 16-7 U
Example 6-7 : Arrange the following ionized compounds in ascending order
according to their effect on vapor pressure:
(a) NaSO4 (b)) AICI;  (c) NaCl
b & aac il
Solution: ¢ ,a, thenb
LB da 3 A gl Y oLl
_L;};‘\M\CAL;)B:\MM\Lﬁédd\aﬁgé‘ﬁ)\)ﬂ\&;)dgﬁ :OW\;\;J.\
8 el e s a5 Jslaall e A 3 G G e 1olilil da ja A g Y
Second: Boiling Point Elevation:
Boiling Point: The temperature at which the vapor pressure is equivalent to the
atmospheric pressure.
Boiling Point Elevation: It is the difference between the boiling point of a solution
and the boiling point of a pure solvent.
ATy =Kp X m )
saadll Aoy & (aldady) (U
A bl saa Ay s Jslaall dend a3 (s (3
Third: Freezing Point Depression:
The difference between the freezing point of the solution and the degree of freezing of
the pure solvent.
ATr=Ksxm
& el el daile 30l 4dia 5 33le « CHR(OH)CH2(OH) ,EG JsS0ka Gl Jarivy :6-8 JUia
Jslaall 2eat da jd caual (197°C okl Aa j2) e o )8 pllaia ye g celadl (3 400D a5 el L)
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Example 6-8: Ethylene glycol EG, CH2(OH)CH>(OH), usually used as a water
antifreeze agent in automobiles, is water-soluble, and is fairly non-volatile (boiling
point 197°C). Calculate the freezing point of a solution containing 651 g of this
substance in 2505 g water. Is it useful to keep this substance in your car during the
summer? The molar mass of ethylene glycol is 62.01 g.
Ki=1.86 °C/m , Ky=0.52 °C/m
:Jadl
Aty Jlaall danil) da 5y & aliail) il Lk
We can calculate the reduction in freezing of a solution using
ATe=Ksxm
el e SLSIL Gl LSy FG @Y se 230 cavad O gl Jslaall 40 g0 il
el 2.525 kg ol SLSU () el A1 Jysat o &5 (e JsS000s (B A gal) AL s
o LS Y gall il
To calculate the molar of the solution, we need to calculate the number of moles of
EG and the mass of the solvent in kilograms.
We calculate the molar mass of ethylene glycol. The mass of the solvent is then

converted to 2.525 kg and the molar is calculated as follows:
1mol EG

6519 EG X ————==10.5mol EG
62.07 g EG
kg cudall ABS /el Y ge =AY gall

Molarity = Moles of Solute / Solvent Mass kg
10.5 mol EG
=419m

2.505 Kg H20
ATf=Kf m=(1.86°C/m)(4.19 m)=7.79°C
-7.79°C ie Jslaall aeainnd 0 °C A0 2ie deay A1) elall ()5S0
Since pure water freezes at 0°C , the solution will freeze at -7.79°C
A Aol G L kel da 5o 8 ¢ LY Clus, ki
We can calculate the rise in the boiling point itself according to the following equation:
ATb=Kb m=(0.52°C/m)(4.19 m)=2.2°C
5okd) (8 eaill daslall salally Ll Y) Jead¥) (el ¢ 102.2°C 5 (10042.2 ) vie Arss Jsbaall 0¥
A cpa Ll il Caal o DA
Because the solution will boil at 100+2.2 or 102.2°C, it is best to keep the antifreeze in
the car during the summer to prevent the water from boiling.
3202 g & ( C2HsO2 ) JsSda aliay) (50 478 g (590 J slaad daaill g llall a3 s 16-9J5a
sl
Exercise 6-9: Calculate the boiling and freezing of a solution containing 478 g of
ethylene glycol ( C2HsO: ) in 3202 g water.
Ki=1.86 °C/m , Ky=0.52 °C/m
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Exercise il
6-1 <%

S 5 G goded) 2SgHm A e 30.0% Ao i @l dilsall (8 H0p S5 L

. 111g/em?
What is the concentration of H>O; in a solution that is 30.0% by mass hydrogen
peroxide and has a density of 1.11 g cm??

6-2 <

1.000 (s sbesi 485 50,100 mol/dm? e 3:S 53 b ) oIS s juel) imes Jglaa (30 100 cm? bls o3
.1.010 g/cm3cs s 235 50,100 mol/dm? s 3 y3 dadll & j3 J ddae (10 100 cm? &= g/cm?
e Jolaall Aptad a2y J glaall 138 2 5¥ 50 235 1.015 g/em? A0S LAl Zlee (0 J glaa 68

€08l ol Ul
100 cm? of a solution of hydrochloric acid with a concentration of 0.100 mol/dm?
and a density equal to 1.000 g/cm?® was mixed with 100 cm? of a solution of silver
nitrate with a concentration of 0.100 mol/dm? and a density equal to 1.010 g/cm?.
The mixing process formed a solution with a density of 1.015 g/cm?. Determine
the molarity of this solution after filtering the solution from the precipitate?
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6-2

il A (5 5 il s B (¢ i (5 8 (b /el A5E 5 B (a
(a) dipole forces/ (b) dispersion forces (c ) dispersion forces and dipole forces

6-4
a
6-6
the mass of the solution formed mg = 1000 g + m(NH;3)
m(NH3) 10 m(NH;3)
= =0.1= = m(NH;) =111.1g
mg 100 1000 + m(NH3)
111.1
nNH3 = W = 6.535 mol
\Y% 24.5dm3
Voa=—— V=n X V, =6.535mol x—— =160.1dm3
n mol
mg = 1000 + 111.1 = 1111.1¢g
_1111.1g 5
Vs = m = 1161 cm
cm3
| 6-9
(i=1)taie ne lie ye JsS0a il Jslase
n=-" ~7701mol e
62.07
Y sl =%‘;;z 2.405m e
AT, = iKym = 0.512 x 2.405 = 1.231°C = T, = 101.23 °C
ATy = iKpm = 1.86 X 2.405 ~ 4.47 °C = Tf ~ —4.47 °C
Exercise il il
A 6-1
30.0%
111 -2 x " —033-L
cm3  100% mL
g 1 1000mL
0.333 — X X = 9.79M
mL  34.01 L
6-2
The reaction : HCl + AgNO3 — AgCl + HNO3
0.1000mol 5 .
nAgN03 = MAgNO3 XV = T X 0.1000dm* = 10 “mol
0.1000mol
Nycr = MHC] XV = T X 01000dm3 = 10_2m01

102 HC1+ 102 AgNO3 — 102 AgCl + 102 HNO3
mAgCl = nAgCl X MW = 10_2 X 143.32 = 14‘332g
10g

mAgN03 = DAgNO3 XV = Cm3 X 100Cm3 = 101g
1.000g
Mycy = DHC] XV = Cm3 X 1OOcm3 = 100g
the solution formed = 100 + 101 — 1.4332 = 199.5668 g
v = ms  199.5668 196.618cm?
sT=D, 1015 ooreem
tunos _ _107mol g g5 g

c = =
HNOs ™ vyno, 0196618 dm?
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1. | 2. 3. 4. 5. | 6. [ 7. ] 8 [ 9 [ 10 [ 11 12. | 13, 14. | 15 16. 17. | 18.
LA VIII. A
2.1
o PERIODIC TABLE )
H He
1.0 II. A ImA IV.A V.A VLA VILA 4.0
1.0 1.5 EN* 2.0 2.5 3.0 3.5 4.0
7 3 4 atomic number 5 6 7 8 9 10
Li Be Chem. symbol B C N (0] F Ne
6.9 9.0 relative atomic mass 10.8 12.0 14.0 16.0 19.0 20.2
0.9 1.2 1.5 1.8 2.1 2.5 3.0
11 12 13 14 15 16 17 18
3| Na | M VIIL B Al | Si | P S | Cl | Ar
23.0 243 InmBsB IV.B V.B VLB VILB ~ A ~ [.B II.B 27.0 28.1 31.0 32.0 355 40.0
0.8 1.0 1.3 1.5 1.6 1.6 1.5 1.8 1.8 1.8 1.9 1.6 1.6 1.8 2.0 24 2.8
4 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \% Cr | Mn | Fe Co Ni Cu | Zn | Ga | Ge | As Se Br Kr
39.1 40.1 45.0 479 50.9 52.0 549 55.8 58.9 58.7 63.5 65.4 69.7 72.6 74.9 79.0 79.9 83.8
0.8 1.0 1.3 1.4 1.6 1.8 1.9 2.2 2.2 2.2 1.9 1.7 1.7 1.8 1.9 2.1 2.5
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
>| Rb Sr Y Zr | Nb [ Mo | Tc | Ru | Rh | Pd | Ag | Cd In Sn Sb Te I Xe
85.5 87.6 88.9 91.2 92.9 95.9 [98] 101.1 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.2 2.2 2.2 2.4 1.9 1.8 1.8 1.9 2.0 2.2
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
6. Cs Ba | La Hf | Ta W Re Os Ir Pt Au | Hg Tl Pb Bi Po At Rn
132.9 137.3 138.9 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 [209] [210] [222]
0.7 0.9 1.1
7 87 88 89 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
| Fr Ra | Ac Rf | Db Sg Bh Hs | Mt | Ds Rg | Cn | Nh Fl Mc | Lv Ts Og
[223] [226] [227] [261] [262] [266] [264] [269] [268] [271] [272] [285] [284] [289] [289] [293] [294] [294]
1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.1 1.2
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce Pr ([ Nd (Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
140.1 140.9 144.2 [145] 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.0
1.3 1.5 1.4 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Th | Pa U | Np| Pu | Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
232.0 231.0 238.0 [237] [244] [243] [247] [247] [251] [252] [257] [258] [259] [262]
* EN: electronegativity
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1 Dynamics: Newton's Laws

In previous chapters on mechanics, we described motion in terms of displacement, velocity, and acceleration
without investigating the underlying causes. We did not ask ourselves: What causes motion? Why does one

object remain stationary while another moves? What makes an object accelerate or decelerate?

To answer these questions, we must study force and relate it to motion - a field known as dynamics. In this
chapter, we will define Force and discuss its various types, including weight, normal forces, and friction forces.
We will also examine Newton's three laws of motion, formulated over three centuries ago by Isaac Newton,
which marked a turning point in our understanding of motion. Finally, we will apply these laws to real-world

problems to solidify our comprehension.
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1.1 The Concept of Force

The force (F) is one of the fundamental concepts in physics. It describes an interaction that can change the
state of motion or the shape of an object. When a force acts on a stationary object, it can cause it to move, and
when it acts on @ moving object, it can change its speed or direction. A force is not a tangible thing, but an

external influence whose effect appears through the acceleration or deformation of the object.

Force is measured in the International System of Units (SI) using the newton (N), and it is a vector quantity,
meaning it has magnitude, direction, and a point of application. Forces in nature vary, including gravity that
pulls objects toward the Earth, tension in ropes, the normal force from surfaces, friction that resists motion,

and the applied force resulting from direct pushing or pulling.

The study of Forces Forms the foundation of dynamics, as it is closely related to Newton's laws of motion, which

explain how and why objects move or remain at rest.

e Theforceisavector quantity, that mean it has adirection and avalue, and it follows the rules of vector
addition discussed before, we can represent any force on a diagram by an arrow, the direction of the
arrow is the direction of the force, and its length is drawn proportional to the magnitude of the force.

4
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e Forces do not always cause motion, however. For example, as you sit reading this book, a gravitational
force acts on your body and yet you remain stationary. As a second example, you can push (in other
words, exert a force) on a large boulder and not be able to move it.

e Forceis measuredin newton (N) in the International System of Units SI,and in (dyne) in the French

system CGS: 1dyne=10" N
Classifications of Forces

e Contact forces: Require contact between two bodies, such as tension forces.
e Field forces: The effect occurs through a field without direct contact, such as electrical attraction

forces or gravitational attraction between masses.

Important Concepts:

System: It is an object or objects under study.

Environment or surroundings: everything that surrounds the system and Effects on it with forces.
Free-Body Diagram

It is prepared with the following steps A diagrammatic representation,

Abbreviate the system as a point and put it in the origin of the system coordinates.

Draw the forces acting on the system as vectors, with care of lengths (proportional to values) and directions.

Forces in directions +Yy, +x: positive Forcein directions —y, —x: negative

wibgll aludlllg aglell slualgi
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Example 1-1

The following figure shows a free-body diagram of the forces acting on a box moving to the right under

the influence of a force pulling it to the right.

A N

Note that we are only drawing the forces acting on the box, and we are not concerned with the forces acting

on the table by the ground or by the box.

1.2 Newton’s First Law

What is the relationship between force and motion?

Aristotle (384-322 BC) believed that a force is necessary to keep an object moving on a horizontal surface. He
considered rest to be the natural state of an object and assumed that a body requires a continuous force acting

on it to remain in motion. He also argued that the greater the applied force, the greater the object’s speed.

Nearly two thousand years later, Galileo Galilei disagreed with Aristotle's view. He argued that the natural state
of a body is to remain in uniform motion - that is, to move with a constant velocity - or to remain at rest if no

external forces act upon it.

To illustrate, imagine an object placed on a perfectly smooth surface - a table coated with an ideal frictionless
oil layer. Once the object is set in motion, it will continue moving at a constant speed without being affected by
any frictional force. This brilliant idea of Galileo, the concept of eliminating friction, provided a profound

foundation for understanding the physical world.
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Building upon Galileo's insight, Sir Isaac Newton developed his monumental theory of motion,
summarized in his three famous laws of motion presented in his great work “Philosophiea Naturalis

Principia Mathematica” published in 1687.

Newton acknowledged Galileo's influence, as Newton's First Law of Motion closely aligns with

Galileo's conclusions, and it is also known as the Law of Inertia.

An object at rest remains at rest, and an object in motion remains in motion at constant speed and

in a straight line unless acted on by an unbalanced force.

Notice how Newton's first law clearly applies to the box when it moves at constant velocity in a

straight line, and to the stationary vase.

Andinbothcases YF=0 and a=0

v=0 or v=constamt

The objects then are in: Transitional Kinetic Equilibrium.

1.2.1 Inertial Frames
We simply mean by reference frame: the observer of an event, a special group of reference frames

called inertial reference frames, which are non-accelerate.
Since Newton's First law relates only to objects without acceleration, it is only true in static Frames.

Newton's First law is not held in every reference frame. For example, if your reference frame is an
accelerating car, an object such as a cup resting on the dashboard may begin to move toward you (it
stayed at rest as long as the car's velocity remained constant). The cup accelerated toward you, but

neither you nor anything else exerted a force on it in that direction.
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In accelerating reference frames, Newton's first law does not hold. Physics is easier in reference
Frames in which Newton's first law does hold, and they are called inertial reference frames (the law
of inertia is valid in them). For most purposes, we usually make the approximation that a reference
frame Fixed on the Earthis aninertial frame. (This is not precisely true,due to the Earth's rotation, but

usually it is close enough).

Any reference frame that moves with constant velocity (say, a car or a train) relative to an inertial
frame is also an inertial reference frame. Reference frames where the law of inertia does not hold,

such astheaccelerating reference frames discussed above, are called non-inertial reference frames.

The veloeity is not constant

afO

ZIY ==—==

1.2.2 Inertia

The tendency of an object to remain in its state of rest or uniform motion in a straight line is called
inertia.

For example, it is difficult to set a stationary object in motion, to stop a moving object, or to change
its velocity sideways out of a straight-line path.

Inertia depends on the mass of the object; it increases as the mass increases.

Mass is an inherent property of an object and does not depend on the surrounding medium or on
the method used to measureiit.

Newton used the term mass as a synonym For “quantity of matter.” However, this notion is not very

precise, since the concept “quantity of matter” itself is not well defined.

The following phenomena can be explained based on the concept of inertia:
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When a car suddenly stops, passengers tend to lurch Forward.
This happens because their bodies try to continue moving with the same speed and direction as

before the car stopped — that is, their bodies resist the change in their state of motion.

When a tablecloth is pulled quickly from under dishes, the dishes remain almost in place.

This occurs because the dishes have inertia, which makes them resist the sudden change from rest.

When a stationary ball is kicked, a force is required to set it in motion.

The greater the mass of the ball, the harder it is to move, because its inertia is greater.

When moving a heavy object such as a water tank or a large box, it is difficult to start or stop its

motion quickly. This is because inertia increases directly with mass.

1.3 Newton's second Law

Newton's first law explains what happens to an object when no forces act on it. It either remains at rest or
moves in a straight line with constant speed. Newton's second law answers the question of what happens to an

object that has a nonzero resultant force acting on it.
Newton's second law states that:

When viewed from an inertial reference frame, the acceleration of an object is directly proportional to the

net force acting on it and inversely proportional to its mass.

The equation:

ZF:ma
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X Fy,=ma, Y F, = ma,

Note the proportionality in the example of a cart moving under a horizontal force on a surface of negligible

friction, study the Figure.

20kg

T
L[

Important Notes

e We apply Newton's second law to the net force, not to the single forces.
e We assume that objects can be modeled as particles (point masses) so that we need not worry about

rotational motion.
Think:

e |stheacceleration always in the direction of the net force? And why?
e Write newton (N)in terms of base units?

e Acarismoving north at a constant speed, what is the direction of the net force acting on it?
Example 1-2

A box of mass 3.0 kg moves horizontally on a smooth surface under the forces shown. Calculate
the horizontal acceleration. (Neglect friction; consider only horizontal components.)

(@) Single horizontal force: F = 9.0 N to the right.

———» F=9.0N

a=F/m =9.0/3.0 = 3.0m/s* (tothe right).

10
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(b) Single Force: F = 10.0 N at 40.0° above the horizontal.

F=10.0N, 40°

a = (F cos 40°)/m = (10.0 cos 40°)/3.0 = 2.55m/s?* (to the right).

Example 1-3

What average net force is required to bring a 1500kg car to rest from a speed of 100km/h within 55 m?

Given:

m = 1500kg, v; = 100 km/h = 100x1000

600

= 27.78 m/s,vf =0m/s,d =55m

Find acceleration using kinematics
v} = v} + 2ad
0 = (27.78)% + 2a(55)
(27.78)?

_ 2
m =-=7.0 m/s

Find the net force
F.oe = ma = 1500 X (—=7.02) = —1.0 X 10*N

Exercise 1: A hockey puck of mass 0.40 kg slides on a smooth horizontal surface of ice. Two Forces act on it:
the First F; = 7.5 Nat a standard angle of —30.0°, and the second F, = 6.0 Nat a standard angle of 30.0°. Find

the acceleration of the puck using unit vectors.

1.3.1 Weight

It is the magnitude of the Earth's gravitational force on an object. Its direction is always toward the center of

the Earth, meaning perpendicular to the Earth's surface.

Fg=W=mg

Where:

W: Weight m: Mass of the object g: Acceleration due to Earth's gravity

11
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Remember that: The value of gravitational acceleration at the Earth's surface is approximately 9.8 m/s? and

its magnitude decreases with altitude, meaning that weight decreases with altitude.

Important Note

Newton's second law, like the First law, is valid only in inertial reference frames, in the non-inertial reference

frame of a car that begins accelerating, a cup on the dashboard starts sliding-it

accelerates- even though the net force on it is zero. Thus ), F = ma does not work in such an accelerating

reference frame.

1.4 Newton's Third Law

Newton realized that things are not so one-sided. True, the hammer exerts a force on the nail, but the nail
evidently exerts a force back on the hammer as well, for the hammer's speed is rapidly reduced to zero upon
contact. Only a strong force could cause such a rapid deceleration of the hammer. Thus, said Newton, the two

objects must be treated on an equal basis.

12
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Newton's Third law states that:

If two objects interact, the force F 45 exerted by object 4 on object B is equal in magnitude and opposite in

direction to the force Fp4 exerted by object B on object A
"To every action there is an equal and oppo site reaction

The equation

Fap = —Fpy

The two forces are called action and reaction, and either of the two forces can be action or reaction.
The two forces are equal in magnitude and opposite in direction.

Think: What is the sum of action and reaction forces, and why?
Results of Newton's third law:
forces always occur in pairs, or that a single isolated force cannot exist.

Check concept: When a computer monitor is at rest on a table, determine the forces acting on the monitor

and the reaction to each one.

Think: if A large truck collides with a small racing car, which of them will be affected by more force

and why?

13
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1.4 Normal Force

Definition: The force that the surface exerts on the object is placed on it
Direction: Perpendicular to the surface at the point of contact

Check concept: Find formula for calculating the normal Force from weight and other Forces in the Following

cases presuming that all surfaces are frictionless:

A box that is pushed down

FN

400N

mg

Object moving horizontally

Object moving horizontally

wibgll aludlllg aglell slualgi
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Object sliding on a frictionless inclined plane.

1.4.2 Elevator and Apparent weight

The person standing in the elevator is subjected to the influence of two forces: his weight g and the

reaction of the analog scale FN .The analog scale measures the reaction FN

Example 1-4

Find fFormula fFor calculating the apparent weight from the real weight in the Following states:

a)

b)

Elevator is static
Elevator is moving at a constant speed.
Elevator is accelerating up
Elevator is accelerating down
Using: g = 9.8 m/s?
a) Elevator static (a = 0)
N=W =mg

b) Elevator moving at constant speed (a = 0)
N=W =mg

¢) Elevator accelerating up (a > 0)
W=N=m(g+a)

d) Elevator accelerating down (a > 0 downward)
W=N=m(g—a)

Note: If a = g downward (free fall), then N = 0 (weightlessness).

wibgll aludlllg aglell slualgi
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Important Notes

- Solving problems of incline is usually easier if we choose the x-y coordinate system so the x axis points

along the incline (the direction of motion) and the y axis is perpendicular to the incline.

-Force of gravity is not perpendicular to the slope, gravity acts vertically downward toward the center of the

Earth

Guidelines for Solving Problems Using Newton's Second Law:

Follow this method when dealing with problems involving Newton's laws:
e Draw asimple and accurate diagram of the problem.

e |solate the object whose motion you are analyzing. Draw a free-body diagram for this object. For
systems containing more than one object, draw a separate free-body diagram for each object. Do not
include in the diagram the forces exerted by the object on its surroundings. Establish appropriate

coordinate axes for each object, then find the components of the forces along these axes.
e Apply Newton's Second Law in component form.

e Solve the component equations for the required unknowns and remember that you must have the

same number of equations as the number of unknowns.

e Verify that your results are consistent with the diagram.

16
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1.5 Applications for Newton's Laws:

1.5.1 Acceleration of Multiple-Body System:s:
Example 1-5

Three blocks are in contact on a smooth horizontal surface. Their masses are:m, = 2.0 kg,mg =
7.0 kg,and m. = 4.0 kg. A horizontal force of 20 N acts on block 2.0kg to the right.

a) Findthe acceleration of the system.
b) Determine the net force on each block.
c) Calculate the contact force between blocks A and B.

d) Calculate the contact force between blocks B and C.

2.0kg| 7-0k9 | 40kg

Solve:
a) Newton's 2nd law on each block and then add the equations.
Label the contact forces: F,p= force of B on A (or A on B), and Fgz-= force of C on B (or B on C). Take right as

positive.

Block A (mass my), horizontal forces: applied Fto the right and contact F,zto the left:

F— FAB = mAa. (1)

Block B (mass mp), horizontal Forces: Fgto the right from A and Fgcto the left from C:

FAB - FBC = Mmga. (2)

Block C (mass m), horizontal force: Fpcto the right:

Fgc =mca. @)

Now add (1) +(2) +(3):
(F — Fpp) + (Fap — Fg¢) + (Fge) = mya + mga + mea.

On the left the internal contact forces cancel: —F 5 + Fyp — Fgc + Fgc = 0.So,

wibgll aludlllg aglell slualgi
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we get: F = (my +mp +m¢)a.
Solve for a:

F - 20 20 e e
s +mp+me  20+70+40 13 o0 MS F oM

b) Net force on each block
Freta = mya = 2.0 X 1.54 = 3.08 N =~ 3.1N
Fretg = mpa = 7.0 X 1.54 = 10.78 N~11N
Foetc =mea = 4.0 X154 =6.16N = 6.2N

From (1) F — Fyp = mya

Fup = Ny = (20 — 2 X 1.54) = 16.9N

NBC =mca = 6.2N

Exercise 2: Study the Following systems, write equations of applying Newton's second law For each object, and

add the equations to get the equation of acceleration of the system.

1) masses connected by ropes' mass is zero (or negligible), friction is negligible, A constant horizontal

force F is applied.

Tas Tsc
A B c —F

2) masses connected by ropes, ropes' mass is zero (or negligible), friction is negligible, the masses are

pulled with a constant force T

F

18
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1.5.2 Smooth pulleys

A pulley is a wheel that rotates about a fixed axis, around which a rope or cord is wrapped. It is mainly
used to change the direction of a force. When the pulley is smooth, the tension in the rope on both
sides is equal in magnitude, since there is no energy loss due to friction or any conversion in the type

of motion (For example, from linear to rotational).

19
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Atwood machine: Two masses joined together by a light rope passing over a fixed, smooth, negligible mass

pulley. The device is sometimes used in the laboratory to measure the free fall acceleration.

ATWOOD’S MACHINE

ok ]

Example 1-6

Two masses myand myare connected by a light, inextensible string that passes over a frictionless, massless
pulley, fForming an Atwood's machine. Derive expressions for (3) the acceleration of the system and (b) the
tension in the string.

e Solution

FREE BODY DIAGRAM

—> 0
3
S
Q

e Step1:Analyze the forces
Each mass experiences two forces:
e Its weight (mg) acts vertically downward.
e Thetension (T)in the string, directed upward.
Assume m, > m;so that m,moves downward and m; moves upward with the same magnitude of

acceleration a.

e Step 2: Apply Newton's Second Law (net Force = mass x acceleration)

Form,:

myg —T = mya )]
20
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Form:
T—-myg =ma )

e Step 3:Eliminate the tension T

Add equations (1) and (2):

(my; —my)g = (my + my)a

Solve for a:

_ (my—my)g
m; +m,

Direction: The heavier mass (m,) accelerates downward, and the lighter mass (m,) accelerates upward.

e Step 4:FindthetensionT
Substitute the expression for ainto either equation (1) or (2).

Using equation (2):
T=my(g+a)

After substitution:

2Zmim,

T tm,

Check
e Ifm; = m,, thena = 0 (system in equilibrium).

e Ifm, > my,thena = g (the heavier mass nearly falls freely).

21

wibgll aludlllg aglell slualgi



.
Soe,. ,e0e g-ou

el . NSMO
: aLoqgo L uolqi
il ani A pglell al__uelgl
Ministry of L9 Mawhiba wibgll ciludlyylg

Exercise 3: A block of mass Mrests on a smooth horizontal table and is connected by a light, inextensible
string that passes over a frictionless pulley to a hanging mass m, as shown in the figure.

Find:

(a) the acceleration of the system,

(b) the tension in the string.

=~

Exercise 4: Two blocks are attached by a lightweight cord that passes over a frictionless pulley of negligible
mass, as in fig. Find:
(3) the acceleration of the system,

(b) the tension in the string.

1.6 Forces of Friction

22
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We have neglected friction up to this point, even though taking it into account is necessary in most practical
situations. Friction force originates primarily from electrostatic forces between contacting surfaces (the
nature of electrostatic Forces in solid materials is still not completely understood), or from collisions between

the rough microscopic bumps on the two surfaces.

The direction of the Friction force is parallel to the surfaces in contact and opposite to the direction of motion,
or attempted relative motion, between them. To understand what happens in static and kinetic friction, let us

consider the case of an object starting to move from rest:

We apply a force to move the object. The object does not move because of static friction. We increase the
applied force, and the static friction Force increases accordingly until it reaches its maximum value f; ... If we
increase the applied Force beyond this point, the object begins to move, and kinetic friction appears—whose

magnitude is less than the maximum static friction force.

1.6.1 Force of static friction

maximum Force of static Friction:
fsmax = ,us FN

Ws: coefficient of static friction

1.6.2 Force of kinetic friction

Force of kinetic friction:
fe = wFy
W : coefficient of kinetic Friction
They are both without units, and their values are usually less than one. p, < pg
Important Notes

coefficient of static Friction L is roughly independent of the sliding speed, as well as the area in contact.

23
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Think: If you wanted to move an object, which of the two directions in the diagram would be easier to do with

the same magnitude of force and the same 6?

~8_

N~

F

Materials in Contact Static Friction (ug) Kinetic Friction (p)
Steel on steel 0.74 0.57
Aluminum on steel 0.61 0.47
Copper on steel 0.53 0.36
Rubber on concrete 1.00 0.80
Wood on wood 0.25-0.50 0.20
Glass on glass 0.94 040
Waxed wood on wet snow 0.14 0.10
Waxed wood on dry snow - 0.04
Metal on metal (lubricated) 0.15 0.06
Iceonice 0.10 0.03
Teflon on Teflon 0.04 0.04
Synovial joints in humans 0.01 0.003

Example 1-7

A broken-down car of mass 1.0 X 103 kg is on an icy driveway inclined at an angle 30.0°
(3) Findthe acceleration of the car, if the coefficient of kinetic friction is 0.10
(b) Suppose the car slides from rest at the top of the incline, and the distance from the car's front
bumper to the bottom of the incline is d = 1.00 X 10% m. How long does it take the Front bumper

to reach the bottom, and what is the car's speed as it arrives there?

24
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Solution:

Given:m = 1.0 x 103 kg,8 = 30.0°, u;, = 0.10,g = 9.80 m/sz.
(A) Acceleration
Normal: N = mgcos 6.
Kinetic friction (up the slope): fi, = u N = pmgcos 6.
Along the slope:
XF = mgsin 6 — f;, = mgsin 68 — y,mgcos 6

*F mgsin6 — u, mgcos O
o = & mﬂk g = g(sin@ — pyy, cos ) = (9.80 m/sz)(O.SOO —0.10 x 0.866)

a=
a = 4.05 m/s* ~ 4.0 m/s?
(B) From rest, distanced = 1.00 X 102 m = 100 m

1
—at2
’d 2(100m)
a 4.05 /S -

v=+vV2ad = J2(4.05 m/s*)(100m) ~ 28.5m/s

Note that we did not need the mass of the car in the solution.

Speed at the bottom:

Exercise 5: Two boxes connected by a cord. Two boxes, A and B, are connected by a lightweight cord and are

resting on a smooth (frictionless) table. The boxes have masses of 12.0 kg and 10.0 kg. A horizontal force F, of

40.0 N is applied to the 10.0kg box, as shown in Fig. Find (a) the acceleration of each box, and (b) the tension in

the cord connecting the boxes.
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E,
A B —»
12,0 kg 10,0 kg

Exercise 6:A10.0 kg gboxis pulled along a horizontal surface by a force E, of 40.0 N applied at 3 30.0° angle

above horizontal, and we assume a coefficient of kinetic friction of 0.30. Calculate the acceleration.

Exercise 7: Suppose a block is placed on a rough surface inclined relative to the horizontal. The incline angle

is increased until the block starts to move. Show that by measuring the critical angle 6, at which this slipping

just occurs, we can obtain L .

26
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1.7 Additional problems

1-

3-

wibgll aludlllg aglell slualgi

A 65-kg woman descends in an elevator that briefly accelerates at 0.20g downward. She stands on a
scale that reads in kg. () During this acceleration, what is her weight and what does the scale read? (b)
What does the scale read when the elevator descends at a constant speed of 2.0 m/s?

Apersonistryingtolift a crate upward at a constant speed and slowly, using a rope that passes around
two pulleys: the upper pulley is fixed, and the lower pulley can move up and down as shown in the
figure. What is the magnitude of the force F that the person must apply to the rope if the weight of

the crate is 800 N?

The skier has begun descending the 30.0° slope. If the coefficient of kinetic friction is 0.10, find:

(3) Her acceleration.

(b) The speed that will be reached after 4.0 s.

A 20.0 kg box rests on a table. (a) What is the weight of the box and the normal force acting on it? (b) A
10.0 kg box is placed on top of the 20.0 kg box, determine the normal force that the table exerts on
the 20.0 kg box and the normal force that the 20.0 kg box exerts on the 10.0 kg box.

What average force is required to stop a 1100 kg car in 8.0s if the car is traveling at 95 km/h?

A person stands on a bathroom scale in @ motionless elevator. When the elevator begins to move, the
scale briefly reads only 0.75 of her regular weight. Calculate the acceleration of the elevator and find

the direction of acceleration.
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7- Laylais to walk across a "high wire” strung horizontally between two buildings 10.0 m apart. The sag
in the rope when she is at the midpoint is 10.0°, as shown in Fig. If her mass is 50.0 kg, what is the

tension in the rope at this point?

8- Aballis suspended by a string hanging from a car’s rear-view mirror. What angle will the string make

with the vertical while the car accelerates from rest at a traffic light to a speed of 18.0 m/s in 6.0 s?

S

9- When the system in the figure is released, what is the maximum height the mass 2.5 kg will reach,

neglecting air resistance?

©

35kg| [25kg 35m

12m

28
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10- A person jumps from the roof of a house3.9m high. When he strikes the ground below, he bends his
knees so that his torso decelerates over an approximate distance of 0.70 m. If the mass of his torso
(excluding legs) is 42 kg, find (a) his velocity just before his feet strike the ground, and (b) the average
force exerted on his torso by his legs during deceleration.

11- Inthedrawing, the rope and the pulleys are massless, and there is no friction. Find (a) the tension in the
rope and (b) the acceleration of each block.

12- A 7.00 x 102 kg window-cleaning worker pulls himself upward using a machine (consisting of a
pulley and a bucket), as shown in the figure.
(a) What force must he pull downward with to rise slowly at a constant speed?
(b) What is his acceleration if he increases the pulling force by 20%? Assume the total weight of the

worker and bucket is 7.00 x 102 kg.

29
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13- Three identical cubes are pulled as shown in the figure on a horizontal surface without Friction. If the

tension in the rope held by the hand is 30.0 N, what is the value of the tension in the other ropes?

14- Amotorcycleanda 60.0 — kg rider accelerate at 3.0m/s2?up a ramp inclined 10.0° above the horizontal

What is the magnitude of (a) the net force on the rider, and (b) The magnitude of the force exerted by

the motorcycle on the rider.?
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2.1 Uniform Circular Motion

We observe many circular motions in our daily lives, such as the movement of a car on a circular curve, the

motion of the moon, a Ferris wheel, and others. These are examples of two-dimensional motion that we have

learned about previously.

Motion of an object on a circular path of radius rwith a tangential velocity v :constant of value and variable

of direction.

2.1.1 Quantities of Uniform Circular Motion:
Tangential velocity (v):

It is always perpendicular to the radius of rotation.

Centripetal (or radial) acceleration (a.):
It is always directed toward the center of the circle and is responsible for changing the direction of the

velocity.

Centripetal force (F,):

It is always directed toward the center of the circle and is responsible for producing the acceleration.

Periodic Time T:

The time required to complete one full revolution

It is measured in seconds (s) in the International System of Units (SI).

Frequency f:

wibgll aludlllg aglell slualgi
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The number of revolutions per unit time
It is measured in hertz (Hz), where one hertz equals one revolution per second:

Hz = rps

Laws of Uniform Circular Motion

v=2nrf

Check concept: An object moves at constant speed along a circular path in a horizontal xy plane, with the center
at the origin. When the object is at x = —2m, its velocity is (—4 m/s) j. Give the object's (a) velocity (b)

accelerationaty =2 m.
Example 2-1

The Moon's orbit around the Earth is roughly circular. With an average radius
3.84 x 10%m, the Moon takes 27.3 days to complete a complete revolution around the
Earth. Calculate: (3) The average orbital velocity of the Moon. (b) Its perpendicular

acceleration.

Solution:

Given Data:

Orbital radius,r = 3.84 x 10®m
Orbital period, T = 27.3days = 27.3 X 24 x 3600 = 2.35872 X 10°s
(a) Average Orbital Velocity

33
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v=2mnr/T

v = (2 xmx 384 x 10% /(235872 x 10°)
v = 1.023 x 103m/s =~ 1.02km/s

(b) Perpendicular (Centripetal) Acceleration

a. = v /r
a, = (1.023 x 10%)?*/(3.84 x 10%)
a. = 2.72 x 1073 m/s?

Example 2-2

Identify the source of the centripetal force in each of the following cases:

(3) A car moving in a circular path around a roundabout.

(b) A stone tied to a string and swung horizontally (approximately parallel to the ground).
(c) Satellites orbiting the Earth.

Solution:

(3) The static Friction Force between the tires and the road surface.

(b) The tension Force in the string.

(c) The gravitational Force (mutual gravitational attraction).

Exercise 1: A tire 0.500 m in radius rotates at a constant rate of 2.00 x 102 rev/min. Find
the speed and acceleration of a small stone lodged in the tread of the tire (on its outer

edge).

Exercise 2: Estimate the Force a person must exert on a string attached to a 0.150 kg ball to

make the ball revolve in a horizontal circle of radius 0.600 m. The ball makes 2.00

revolutions per second. Ignore the string's mass.
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2.2 Vertical Circular Motion

It is the motion of an object in a vertical circular path, such as the motion of an object tied to a string, where a
person rotates it with tension force T. The centripetal force is the resultant of forces in the radial direction
(i.e, the weight and the tension force from the person), and therefore the centripetal Force takes different
values at different points. Remember that the centripetal force at any position is related to the object's speed
by the relation

F,.=m—
¢ r

Note: The centripetal force is not a separate force, but rather the net force in the radial direction.

Example 2-3

The figure shows the positions of a small ball attached to a light (massless) string, rotating in a vertical
circular path. Write the centripetal force F, in terms of the weight (or its components) and the tension at

each position.

Solution: We calculate the magnitude of F, for each position, and its direction is always towards the center

of rotation.

35
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C

(@ Fc=T+mg

(b) Fc=T

() Fc = T— mgsiné,
(@ Fc =T —mg

() Fc=T

(F) Fc =T + mgcos 0,

Example 2-4:

Find the minimum speed of an object moving in a vertical circular path.

Solution:

gouLy
NSMO
palall sL_uialgi
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At the highest point, the minimum speed required For circular motion occurs when:
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Concept Check:

What happens if the speed is less than ,/rgfor an object moving in a vertical circular path?

Concept Check:
Does the weight of the object affect the minimum speed of an object moving in a vertical

circular path?

Exercise 3: A small ball of mass 0.200 kg is attached to a 1.25 m long light string and is

whirled in a vertical circle.

(@) Determine the minimum speed the ball must have at the highest point of its path
to maintain a taut string (i.e, so the ball continues in circular motion).

(b) IFthe ball is moving at three times the minimum speed Found in part (a) when at
the bottom of the circle, calculate the tension in the string at the bottom of the

motion.

37
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2.3 Nonuniform Circular Motion

Qr ay

- = =
a= G -0

In non-uniform circular motion, the magnitude of tangential velocity changes as its direction changes, and in
this case, the two perpendicular components of acceleration are the tangential component a, and the

perpendicular (radial) component a,.

The tangential component a, : Changes the value of velocity of an object and it is parallel to it.
When a, is at in a direction of v? and when is it in reverse direction?

The radial component a,: Changes the direction of velocity of an object and it is perpendicular to it.

The total acceleration

a=a,+ a,
a=.a?+a,?
.‘72

a, =—

r

r: The radius of the path curve at the desired point

Consequently, two forces act on the body: a tangential force that produces the tangential acceleration, and a

centripetal force that produces the radial (centripetal) acceleration.

Think: When circular motion is uniform, what is the value of F;?

38
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Example 2-5

A motorcycle travels over the top of a small hill. The hill can be approximated as the arc
of a circle with a radius of 350 m. At the instant the motorcycle reaches the highest point
of the hill, its speed is 8.0 m/s. At the same moment, the rider is accelerating forward

along the road with a tangential acceleration of 0.450 m/s?.

(2) Determine the magnitude of the normal (centripetal) component of the acceleration

at this point.
(b) Find the magnitude of the total acceleration.

(c) State the direction of the total acceleration relative to the horizontal (give the angle

below the horizontal).
Solution:
Given:

e Radiusof the hill: r=350m
e Speedatthetop:v=8.0m/s

e Tangential acceleration: a; = 0.450 m/s?

(2) Calculate the normal (centripetal) acceleration:
The centripetal acceleration at the top is calculated using:

a, = v¥/r
a4y = (8.0)% /350

a, = 0.183 m/s*

39
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(This acceleration is directed downward toward the center of the circle)

(b) Calculate the magnitude of the total acceleration:

The total acceleration is the vector sum of the tangential and normal accelerations:

a = (atz + an2)

a = \/[(0.450)2 + (0.183)2]
a = 0.486 m/s*
(c) Direction of the total acceleration:

The angle below the horizontal (8) is calculated from:
a
0 = tan™t (=)
ag

o = tant 0183
0.450

6 = 22.1°

Exercise 4: A small ball attached to a string of length 0.80m swings in a vertical circle. When
the string makes an angle & = 35°with the vertical, the speed of the ball is 2.2 m/s
(@) Find the normal (centripetal) component of acceleration.
(b) Find the tangential acceleration at that instant.

(c) Determine the magnitude of the total acceleration and the angle it makes

relative to the inward radial direction.

40
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2.4 Additional problems

1-  An astronaut on the surface of moon Fires a cannon to launch an experiment package, which leaves
the barrel moving horizontally. (3) What must be the muzzle speed of the package so that it travels
completely around the moon and returns to its original location? (b) How long does this trip around
the Moon take? Assume that the free fall acceleration on the moon is one-sixth that on the Earth and

moon radius is 1740 km

2-  What is the magnitude of the Centripetal acceleration, of a pilot whose aircraft enters a horizontal
circular turn with a velocity of: v; = (400i + 500j ) m/s and 24.0 s Iater leaves the turn with a

velocity of v = (—400i — 500j ) m/s.

3- A 1.0 X 103 kg car rounds a curve on a flat road of 5.0 X 10 m radius at a speed of 14 m/s . Will the
car follow the curve, or will it skid? Assume: (a) the pavement is dry, and the coefFficient of static friction

is ps = 0.60 (b) the pavementisicy and ug = 0.25
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4- A small object of mass m is suspended by a string of length L and revolves at a constant speed in a

horizontal circle of radius r. Find v in terms of L, g, and the sine and tangent of the angle 6.

5- (3) What is the angle 8 of banking for a road curve such that no friction is required for a car traveling

at speed varound a curve of radius r? Find 8 in terms of v, r,and g.

(b) Calculate the banking angle of a curved road with a radius of 70.0 m that is designed for safe driving

at a speed of 60.0 km/h.
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6- A high-speed tram enters a curved section of track and slows down from 72.0 km/h to 40.0 km/h in
the 12.0 s it takes to travel through the curve. The radius of the track’s curvature is 200 m.
(a) Determine the tangential acceleration of the tram during this interval, assuming the rate of
slowing is constant.
(b) At the instant the tram reaches 40.0 km/h, compute the centripetal acceleration.

(c) Determine the magnitude of the total acceleration of the tram at this same instant.
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THE PRACTICE TEST — SECOND STAGE

1) A 5 kg object moves along a rough surface in a straight line, and its speed changes as shown in the
diagram. If the object is moving under the influence of a horizontal tension force of 30 N, then the

magnitude of the frictional Force is:

v (m/s)
A) 25N | :
B) 10N 15 1
C) 5N 10 l |%
D) 3N > ’ I%
|

2) Which of the fFollowing Facts correctly describes the concepts of mass and weight of an object?

A) The ratio between them at any point on Earth is 9.8
B) The ratio between them is equal to the ratio between them for another object

placed in the same position.

C) These are two concepts that have the same meaning in physics but differ in their

units.

D) They both express the magnitude of an object's inertia.

3) A net Force f acts for 10 s on a body of mass 1072 kg, initially at rest, after which the force ceases to

act. The body traverses 0.5 m in the next 5 s with constant velocity. The magnitude of the force is:
A) 10N
B) 102N
C) 103N
D) 10*N
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4) A body of mass 2.00 kg is moving towards west with a uniform speed of 4.00 m/s. A force of 4.00
Nis applied to it towards north. The magnitude of the displacement of the body 4.00 s after the force

is applied is:

A) 5.66m
B) 16.0m
C) 226m

D) 320 m

5) The same uniform block is first placed on its long side, then on its short side, on the same inclined
plane, as shown in the figure. The block accelerates down the inclined plane (Assume the box will not
tip over). The magnitude of the block's acceleration in case (ii) compared to its acceleration in case (i)

is:

(i) (ii)

A) thesame
B) greater
C) less

D) twice

6) A stone is moved in a horizontal circle with a radius of 1.50 m by a string suspended 2.00 m above

the ground. The string breaks, and the stone flies horizontally, striking the ground 10.0 m horizontally
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from the point where it left the circular path. The centripetal acceleration during circular motion is:

Consider g =10.0 m/s?

A) 10.5 m/s?
B) 15.8 m/s?
C) 112.2 m/s?
D) 166.6 m/s?

7) A rotating ramp with a slippery surface allows a maximum speed of 13 m/s For cars. Cars exit the
ramp onto an exit ramp with the same angle of inclination as the first ramp. If we want the second

exit ramp to allow a maximum speed of 26 m/s, the radius of the fFirst ramp must be changed to:

A) One quarter
B) One half
C) Twotimes

D) Fourtimes
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8) A stunt pilot of mass mflies an aircraft in a vertical loop maneuver. The aircraft travels in a circular path of

radius 2.10 km at a constant speed of 240 m/s. Determine the Force exerted by the seat on the pilot at:

(@) The lowest point of the loop.

(b) The highest point of the loop.

Question |1 2 3 4 5 6 7 8
Answer C B D C A D D a-3.80mg,
b— 1.80mg.

47

wibgll aludlllg aglell slualgi



oees. o0 of" SOULD)
sinn. i NSMO

p_LJ_L'-LJldJUq : g pglall sLualgi
o caene,  Mawhiba oibgll alualilig

FINAL ANSWERS

Chapter1:
1 _1 L
1-[ML'T™2].2-Tx Lz2X g2z, T « \/;.3- B.4- B.

Chapter 2:

13- 12.6 km/h at 71.6° north of east. 1b- minutes. 2a- 19.5° west of north. 2b- 13.3 minutes. 3a- 261 km/h. 3b- 15.3°

south of east. 4- 866 km/h.5- 2.92 m/s, 7.9° above the east direction.

Chapter 3:

Exercises:1-a = (29.31 — 1.88] Ym/s? .2a-a = —— 2b- q = L_AYMEAMAIGSING 5 o - M9 3p T =
mg+mp+me mag+mp+me m+M

M9 ga-q = LM DI gy - MM29QHSING) g — 1 82m/s25b- T = 21.8N.6-a = 1.12m/s?.

m+M mq+m; my+m;

7-us = tan 6,

Additional problems: 1- Weight = 637 N; Scale reads 510 N or 52 kg. 2- 400N. 3a- m/s*> down the slope 3b- v =
16.2m/s 4a- Weight =196 N (down); Normal Force =196 N (up) 4b- 294 N, 98N. 5- 3.63 x 10° N. 6- 2.45 m/s?
downward. 7- 1.41 x 10® N. 8- 17.0° (backward). 9- 2.6m.10- 2.7 X 103N (upward)11a- a; = 1.68 m/s?, a, =

0.840 m/s? 1b-13.4N.12a- 350N 12b- 1.96 m/s? 13- 20N,10N. 14a- 180N ,14b- 644N

Chapter 4:

Exercises: 1- 219m/s, 219 m/s2 2- 14.2 N. 3a- 3.50m/s, 3b- 19.6N. 4a- 6.05 m/s®, 4b- 5.62 m/s’, 4c- 8.26 m/s®, ¢ ~
43°

Additional problems: 1- 1684 m/s, 1 hour 48 minutes. 2- a, = 83.8 m/s? 3a- F, = 3920N, fonax =

1]2

5880N so no skid.3b- F, = 3920N, finax = 2450N so the car will skid. 4-v = / gLsinBtanf.5a- tanf = p
5b- 22°.6a- 0.74m/s*,6b- 0.62m/s?,6¢c- 0.96m/s?.
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